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INTRODUCTION 
The National Mastitis Council, Inc. defines mastitis as 
the infection of udder tissues (74). Mastitis is the most costly 
disease affecting dairy cows; many people do not realize the con-
siderable losses due to mastitis (6). 
A reasonable estimate of the prevalence of mastitis is 50% 
of cows infected at any time (62); cows in the average herd contract 
clinical mastitis 1.5 times per year (74). The minimum antibiotic 
treatments per case of mastitis is two; with approximately 11 mil-
lion dairy cows in the United States, the annual minimum number of 
antibiotic treatments is 33 million. In South Dakota, with nearly 
160 thousand dairy cows, the number of antibiotic treatments is 
about 500,000 per year. 
A problem with the large number of treatments used to con-
trol mastitis is the potential for the drugs to enter the food 
chain. The Food, Drug, and Cosmetic Act established that milk and 
milk products containing antibiotics are considered adulterated, 
this makes monitoring milk for antibiotics required. Despite these 
regulations, a 1977 study of the US milk supply showed that 10.3% 
of bulk milk was contaminated with some type of antibiotic (74). 
Consumption of antibiotic residues in milk can cause 
-allergic reactions in people. Welch et al. (82) estimated there 
are 17 to 20 million people in the US who are allergic to penicil-
lin and other chemotherapeutic medications; however, the exact 
number of hypersensitive people is unknown (38). Kerne and 
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Wimberley (44) reported that 15% of the US population is allergic 
to_ penicillin. Reactions attributed· to ingestion of penicillin in 
milk and milk products have been of the urticaria! type. There is 
no documented evidence that consumption of milk or milk products 
containing penicillin can alone induce hypersensitivity (56). 
Another problem with antibiotic contaminated milk is that 
on prolonged .~xposure to sublethal concentrations of antibiotics, 
some bacteria can develop resistant strains. As little as two 
parts per million (ppm) daily has resulted in mutant strains of 
drug resistant gram-negative enteric bacteria (38). 
It is difficult, if not impossible, for the dairy industry 
to manufacture cultured dairy products with milk contaminated with 
antibiotics (19, 22, 31, 32, 76). Inhibition of lactic cultures 
in milk containing 0.01 units of penicillin per ml has been report-
ed (1). However, penicillin inhibits Streptococcus thermophilus 
at 0.01 to 0.004 IU per ml, and Lactobacillus bulgaricus at 0.100 
to 0.02 IU per ml (72). 
Detection of antibiotic residues in milk can be accomplished 
by direct and indirect methods. Direct control methods are con-
ventional microbiological assays. Problems associated with direct 
control methods are: a) they are slow, the Food and Drug Adminis-
tration (FDA) approved cylinder plate assay requires 16 to 18 h 
incubation time; b) they are tedious; and c) they require trained 
laboratory personnel and must be conducted in an appropriately 
equipped laboratory. 
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The second form of antibiotic residue detection is by in-
direct methods. Mastitis remedies containing marker dyes are in-
fused into a cow's udder. For effective indirect control, the dye 
is excreted in milk with endpoints equal to those of the antibiotic. 
The potential advantage of dye marking is that it immediately alerts 
the dairy farmer to antibiotic contamination by visually discolor-
ing milk. Th€ milk would not be added to the bulk tank, thus, 
minimizing the chance of sending contaminated milk to a processing 
plant (75). 
Indirect controls cannot replace the conventional micro-
biological methods of monitoring milk for the presence of anti-
biotic residues, because intramammary infusion is not the sole 
source of antibiotic contamination in milk. Antibiotics can be 
excreted in milk through intravenous, intramuscular, and intra-
uterine therapy, and through transfer from treated to untreated 
quarters of the udder (75). Also, it is unlikely that perfectly 
parallel, unit-for-unit excretion of dye and antibiotic(s) can be 
achieved. For practical purposes, researchers can only show con-
clusively that the concentration of dye in milk from treated 
quarters does not fall below the visual endpoint, about 0.25 mg 
FD&C Blue No. 1 or FD&C Blue No. 2 per liter milk, until the anti-
biotic has fallen below detectable limits. Dye marking is a po-
tential on farm supplement to conventional antibiotic testing and 
withdrawal times. 
The objectives of this research were to determine: a) the 
excretion endpoints of six dye-antibiotic intramammary infusion 
p~oducts; b) the effectiveness of each dye type/level combination 
as an indicator of antibiotic(s) in producer milk; and c) if the 
4 
250 mg levels of Food, Drug and Cosmetics (FD&C) Blue No. 1 (Color 
Index 42090) and FD&C Blue No. 2 (Color Index 73015) were irritating 
to healthy udder tissue. 
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LITERATURE REVIEW 
Campbell and Marshall define antibiotics as being metabolic 
products of one microorganism that, in low concentrations, are 
detrimental to the life activities of other microorganisms (13). 
Penicillin was the first of a number of antibiotics used to treat 
mastitis, and was the most frequently detected antibiotic in two 
market milk sutveys (22, 45). Modern mastitis therapy often in-
volves the use of peni cillin in combination with other antibiotics 
(40, 45). This review will limit discussion of the chemical compo-
sition and mode of action of antibiotics to penicillin and novo-
biocin. Furthermore, the review will present the development of 
R 
the cylinder plate and Delvotest-P methods of antibiotic detection 
and the evolution of dye marked antibiotics used for intramammary 
infusion. 
Chemical Structure and Mode of Antibiotic Action 
Penicillin 
Penicillin is a general term for the antibiotics 
produced by strains of the mold Penicillium notatum. Penicillins 
have the following common nucleus for their basic chemical structure 
(71): 
0 
R - C _ NH -,--.-"=ts CH3 
... L~.- H 
O N· CO~-
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Penicillins differ in their acyl side c~ains substituted on the 
six-amino group. The acyl side chains are necessary for antibiotic 
action, and are i nduced either biologically or synthetically (11). 
Batchelor et al. ( 4) isolated and identified the penicillin nucleus 
as a strong monobasic acid. Casida (14) reported industrially pro-
duced penicillin as being unstable when in the free acid form; 
enhancement of stability is noted for penicillin salts or esters. 
The penicillin used in this research is a semisynthetic penicillin 
known as procaine penicillin G. Procaine penicillin G has the fol-
lowing chemical structure (40): 
(C2H5)2 
0 
II 
c- (CH2)2 - NH H20 + 
The mode of antibiotic action of penicillin is the inhi-
bition of cell wall synthesis in growing bacteria (11, 71). Pepti-
doglycan is a major component of bacterial cell walls (71); it 
normally acts to strengthen and stabilize the osmotically fragile 
cell membrane which lies beneath it (11). Penicillin inhibits cell 
wall synthesis in growing bacteria by preventing the cross-linking 
of peptidoglycan strands (71). The growing cells will lyse without 
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support from peptidoglycan (11, 71). 
Novobiocin 
Novobiocin was isolated and characterized in 1955 
by researchers from the Upjohn and Merck Companies (67, 81). They 
agreed on novobiociri for a generic name for the antibiotic substance 
known to their companies as Streptonivicin (Upjohn) and Cathocin 
(Merck & Co.) ~ The names Streptonivicin and Cathocin have been 
eliminated; trade names have been adopted for use (67). 
Chemically, novobiocin is a nine carbon sugar plus two 
acidic groups, a weakly acidic phenol moiety and a more strong_ly 
acidic enol on a coumarin ring (8, 9). The chemical structure is 
as follows (73): 
""o 
HC 
OH 
The mode of antibiotic action of novobiocin is not fully 
known. Novobiocin is not a general cytotoxic compound, but affects 
a variety of specific cellular processes. Brock (9) reports that 
novobiocin inhibits respiration, electron transfer, ATPase activity, 
amino acid and acetate transport, and the activity of DNA and RNA 
polymerases. It has been suggested that novobiocin might interfere 
8 
non-specifical ly with various enzymatic ~eactions by causing a 
magnesium defici ency (9, 68). The primary action of novobiocin in 
Escherichia coli cells has recently been reported to be specific 
inhibition of DNA replication (68). 
Methods of Antibiotic Assay 
There ·~re many assays for the detection of antibiotics in 
milk. Several of these methods were evaluated in 1961 by Marth 
(52). This review wi ll be limited to literature pertaining to the 
cylinder plate and agar diffusion assays. Development of dye 
marked antibiotic preparations for the treatment of bovine mastitis 
will also be included. 
Cylinder plate 
The cylinder plate (CP) assay was developed in 
1941 by Florey et al. (27). The authors outlined the assay as 
follows: a) petri dishes are filled to a depth of 3 to 5 mm with 
nutrient agar; b) after solidifying, the nutrient agar layer is 
flooded with ·a broth culture containing the test organism, 
Staphlo.coccus aureus., after which the excess broth is allowed to 
drain; c) the prepared plates are dried for 1 hat 37°c; d) cylin-
ders made from short lengths of glass tubing are evenly placed on 
the agar surface and filled with the test solution; and e) the 
0 
plates are incubated for 12 to 16 hat 37 C. 
In 1943, Foster and Woodruff (29) modified the CP assay of 
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Florey et al. (27): 100 ml of liquified, cooled agar is inoculated 
with 0.1 ml of nutrient broth culture of S. aureus. Thirteen ml of 
seeded agar is pipetted into each petri plate and uniformly distri-
buted over the base layer of nutrient agar. Instead of relying on 
sharply bevelled cylinders to achieve a seal between the cylinder 
and agar, unbevelled cylinders are used by passing them briefly 
through a fla~e to warm them. When the warmed cylinder is placed 
on the agar surface, it melts the agar around the periphery of the 
cylinders. The agar quickly resets, making an excellent seal. 
Foster and Woodruff (30), and Meeves and Milosevic (54) 
reported various disadvantages of using~- aureus as the test organ-
ism in the CP assay: penicillin free raw milk sometimes inhibited 
S. aureus; the presence of Pseudomonas pyocaneum or Bacterium linens 
in raw milk also inhibited S. aureus. Due to the difficulities 
associated with~- aureus, Juncher et al. (41) proposed the use of 
Sarcina lutea as the test organism. 
The· Food and Drug Administration (FDA) accepted the CP assay 
and S. lutea as the· test organism for detection of penicillin resi-
dues in raw milk. The FDA has since adopted a modification of the 
CP method as described by Schmidt and Moyer (63) as the official 
assay (48). The official modification includes the following: a) 
10 ml liquid agar are pipetted into sterile petri dishes; b) 4 ml 
of agar seeded with a previously standardized suspension of~- lutea, 
(American Type Culture Collection (ATCC) 9341) are pipetted and 
evenly distributed over the hardened base layer; c) cylinders are 
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placed on the hardened seed layer and test solutions added; and d) 
p~ates are incubated at 32°C for 16 to 18 h. 
Agar diffusion assay 
Agar _is seeded with spores of an antibiotic sensi-
tive organism. Elimination of all nutrients from the agar prevents 
the spores from germinating. When performing the assay, nutrients 
are added with the liquid sample to the agar, and both diffuse 
through the agar. Germination and growth of the spores starts 
when the nutrients are added unless the test sample contains anti-
biotic to which the test organism is sensitive. Growth or lac~ of 
growth of the test organism is detected visually. 
Kosikowski and Ledford (47) developed the first agar dif-
fusion test or reverse phase disc assay for the detection of anti-
biotics in milk. Plain saline agar is seeded with spores of 
Bacillus subtilis; 10 ml of seeded agar is pipetted into petri 
dishes. A special nutrient-impregnated paper disc, moistened with 
the test sample, is placed on the agar surface and the plate incu-
bated at 37°c for 4 to 6 h. After incubating, the plates are 
examined for bacterial growth. Growth up to the disc indicates 
normal milk, while a zone of inhibited growth indicates the presence 
of antibiotic. 
van Os et al. (76) developed an agar diffusion test with 
Bacillus stearothermophilus var calidolactis as the test organism. 
Tablets containing nutrients plus a pH indicator, bromcresol purple, 
11 
are added to ampules containing plain agar seeded with spores of 
~-- stearothermophilus var calidolactis. The bromcresol purple 
changes the color of the agar from clear to purple. After adding 
0.1 ml of the test sample, the ampule is incubated for 2.5 h in a 
0 . 0 
water bath at 63 to 66 C. As the organisms grow, glucose in the 
nutrient tablet is metabolized and forms an acid. A resultant 
decrease in the pH of the medium causes the bromcresol purple to 
change the color of the agar from purple to yellow. If antibiotics 
are present in concentrations high enough to inhibit the growth of 
the organism, the organism will not grow, the pH of the medium will 
not decrease, and the agar will remain purple. Results of the 
assay are determined by examining the agar after incubation; a 
yellow color indicates the sample contains Oto 0.003 IU peni-
cillin per ml (negative test), and a purple color indicates the 
presence of at least 0.006 IU penicillin per ml (positive test). 
A partly yellow and partly purple color of the agar indicates the 
sample contains 0.004 to 0.005 IU penicillin per ml("+/-") or 
doubtful result (76). 
Antibiotic Residues in Milk 
Thorough reviews of literature pertaining to antibiotic 
residues in milk following treatment of cows with antibiotics are 
reported by Marth and Ellickson (53), Marth (52), and Khalil (45). 
This review will deal with penicillin residues in milk from lactat-
ing cows receiving intramammary infusion. 
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In mastitis therapy, penicillin ~as first administered by 
intramammary infusions of the infected quarter(s). Levels and 
persistence of infused antibiotics are influenced by several 
factors: a) the kind and concentration of antibiotic infused; b) 
the vehicle used; c) milk production of the treated quarter(s); 
and d) extent of tissue damage in the udder (45, 60). The kind of 
vehicle used gteatly influences the rate of release of antibiotic 
into the udder. A disadvantage with using aqueous vehicles is 
that repeated infusions are necessary to cure a case of mastitis. 
Vehicles other than water have been compounded to carry penicillin 
into the udder in order to prolong the excretion time of penicillin. 
Foley et al. (28) concluded the persistence of penicillin is, 
longer with water-in-oil vehicle than with an aqueous vehicle. 
Hueber et al. (39) reported aqueous infusions are superior 
to ointments or oil based vehicles in intramammary therapy. Through 
research conducted on in vitro release of antibiotic into milk from 
various vehicles, Schipper et al. (61) concluded that for rapid 
release of antibiotic, an aqueous vehicle is the one of choice. 
Butter released antibiotic comparatively rapidly; as a natural pro-
duct of lactation, it would be less likely to be irritating to 
secretory tissue. Lanolin and peanut oil with aluminum mono-
stearate provided nearly equal release rates (61). 
Another factor influencing the rate and level of antibiotic 
release is the milk production of the treated quarter(s). Edwards 
and Haskins (21) reported the concentration of penicillin is 
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inversely related to milk production. 
Antibiotic crossover from -treated to untreated quarters of 
the udder has been reported by numerous workers (10, 26, 33, 50, 
58 59, 65, 83). Brown et al. (10) theorized that transfer takes 
place through the venous system and secretory tissues. Rollins 
et al. (58) and Ziv et al. (83) suggested transfer by a method 
other than 'dir~ct diffusion from the bloodstream could be involved. 
Hawkins et al. (33) reported the bloodstream is not the exclusive 
transferring mode of penicillin to untreated quarters. 
Due to differences in vehicles, type, and amounts of anti-
biotics in individual antibiotic preparations for intramammary 
infusion, each preparation has a different withdrawal period, with 
wide ranges being reported (10, 26, 50, 55, 58, 65). Withdrawal 
times must be approved by the FDA. 
Dye Marking or Visual Detection of Antibiotics in Milk 
Problems associated with conventional microbiological assay 
techniques for detection of antibiotic residues in milk are, that 
depending on the type of test being conducted, analysis takes from 
2.5 h to 18 h to complete and they must be carried out by trained 
personnel in a properly equipped laboratory. The time span between 
receiving the milk at a laboratory and getting results from the 
analysis allows enough time for contaminated milk to be processed 
and enter the food chain. 
A solution to the problems associated with direct control 
3701~7 
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methods for detecting antibiotic residues. in milk may be the incor-
poration of dyes as tracers for antibiotics intended for intra-
mammary infusion (45). For the dye to be effective as an indicator 
of ·antibiotic residues in milk, the infused dye must excrete in 
the milk with rates equal to or slightly slower than those of the 
antibiotic. The primary purpose of using marker dyes is to enable 
milk producers· ·to recognize adulterated milk from a treated cow 
(75). The producer could then avoid adding the contaminated milk 
to the bulk tank, and minimize the chances of sending antibiotic 
contaminated milk to a processing plant (75). 
Research with marker dyes in antimastitis infusions 
originated in 1950 when Hargrove et al. (32) studied the feasibility 
of incorporating chemicals with antibiotics to be used for intra-
mammary infusion to indirectly detect antibiotic contaminated milk. 
They screened a variety of chemicals; selection was based primarily 
on fluorescence, color, and odor. Chemicals tested included 
certified food colors, cosmetic dyes, food flavors such as vanillin, 
cinnamaldehyde, and methyl anthranilate. Furfuryl mercaptan and 
gamma undecalactone were selected for tests based on odor detection. 
Various fluorescent chemicals such as the fluoresceins were tested 
as was a colored compound, chlorophyll. Each compound studied was 
tested for ease of use and limits of detection in whole milk. Cows 
were treated with plastets containing 15 ml of known amounts of 
marker, oil, and penicillin. Amounts of penicillin administered 
5 5 ranged from 1 x 10 to 3 x 10 units; the amount of tracer ranged 
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from 250 to 400 mg. Quarter milkers were used to collect samples 
from individual quarters for at least 96 h after infusion. Quarter 
samples were tested for leucocytes, pH, penicillin, and for marker. 
Samples were also diluted with normal milk to determine the extent 
of dilution without loss of marker detection. They concluded that 
the flavored or odorous marker compounds tested were unsatisfactory. 
The fluorescein·derivatives could be detected in samples by color 
and by fluorescent methods even at high dilution. In vivo studies ---
indicated that some of the markers were slightly toxic and others 
were absorbed from the udder. Penicillin was consistently detected 
in 72 h samples and frequently in 96 h samples. The addition of a 
combination of fat-soluble fluorescein and uranine was found to 
provide a satisfactory milk out time. The marker was visually 
detectable for 48 h after treatment and with ultraviolet light for 
96 h. 
In 1958, Hargrove et al. (31) tested and rejected three 
compounds as potential markers: an umbelliferone, methyl anthrani-
late, and fat-soluble chlorophyll. The compounds were either unde-
tectable or too weakly detectable in visible light. 
Various researchers (34, 42, 43, 69, 70, 77) established 
· the following requirements for acceptable marker dyes: it must 
a) have keeping qualities comparable to the antibiotic; b) be non-
toxic to humans and animals; c) be nonirritating to udder tissue; 
d) excrete at the same rate as the antibiotic; 3) have enough color 
intensity to be visible at high dilution; f) be readily soluble in 
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milk; g) be an acceptable food additive; b) not interfere with the 
antibiotic activity; and i) not ac-cumulate in the body or organs 
of the cow. Smitasiri et al. (66) suggested that selected dyes 
should be fat-soluble in order to prevent any separation of cream 
from contaminated milk. 
Smitasiri et al. (66) studied annatto, Bakers red food dye, 
water-soluble cnlorophyll and fat soluble chlorophyll. Their work 
was concerned with observing the mechanics of dye marking and the 
practicality of selected dyes. Fat soluble chlorophyll was the 
most feasible of the dyes studied; however, dark, heavily stained 
particles persisted in the milk long after the green color had been 
excreted. 
The use of Food Green No. 4 (New Color Index No. 44090) as 
a marker was investigated in 1957 by Dalgaard-Mikkelsen and 
Rasmussen (17). They found when infused into the udders of goats 
and cows, Food Green No. 4 excreted at rates which corresponded 
well with penicillin concentration in the milk. 
Shahani (64) studied the possible use of an unspecified 
green-turquois dye for intramammary infusion. The dye was later 
identified as Food Blue No. 3 (New Color Index No. 42045) (23). 
To visually determine dye intensity, a portion of the milk sample 
was diluted with normal milk until the green-turquoise color was no 
longer detectable by the unaided eye. In addition to visual 
determination of dye intensity, a spectrophotometric method of 
measuring dye concentration was developed. A clear serum is 
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prepared by mixi ng 10 ml colored milk wit~ 40 ml 15% trichloroacetic 
acid~ After 10 min, the mixture is filtered through dry filter 
paper. The color in the filtrate is measured spectrophotometri-
cally at 640 mm. A blank solution is prepared from normal milk. 
Results indicated a close correlation between excretion of dye and 
antibiotic; Shahani felt the dye formed a complex with the antibio-
tic and was secreted jointly. Crossover of dye or antibiotic from 
treated to untreated quarters did not occur. 
The use of ion exchange resins to detect subvisual dye 
levels in milk was introduced in 1960 by Rasmussen and Simesen (57). 
. R 
A combination of 200 mg of Amberlite resin (I.R.A. 41) and 100 ml 
sample milk is shaken for 1 h. The color is extracted from the 
resin for spectrophotometric measurement. The method can detect 
a minimum of 0.03 mg Green S per liter of milk. 
In 1960, Corbin (16) developed spectrophotometric tech-
niques for a mixture of two fluorescein dyes. These methods are 
sensitive to 2 to 4 ppm. 
Feagan et al. (24) and Dawson and Feagan (19) investigated 
the water and fat soluble fluoresceins, and found them to be 
insufficiently visible in milk due to their weak yellow color. The 
fluoresceins also caused up to 50% decrease in potency of penicillin. 
Dawson and Feagan (19) noted that fluoresceins are not acceptable 
food additives, therefore, their use as markers was unlikely to 
gain acceptance . 
Bri l liant Blue F.C.F. (FD&C Blue No. 1) was investigated 
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for possible use as a marker by Dawson and Feagan in 1960 (19). 
Various ointment vehicles were used to suspend the dye and anti-
biotics. Satisfactory preparations were formulated by combining 
125· mg FD&C Blue No. 1 with 1 x 105 units of penicillin in a par-
affin vehicle. The antibiotic in the dye marked preparations lost 
no potency on extended storage. The dye did not cause udder irri-
tation in treated cows. 
Green S was recommended for use by Dalgaard-Mikkelsen and 
Rasmussen in 1957 (17) and by Rasmussen and Simesen in 1960 (57). 
A combination of 50 mg dye and 1 x 105 units of penicillin in a 
soft paraffin base gave comparable excretion rates between dye and 
antibiotic. H~gh and Rasmussen (35) combined Green S with a 
variety of vehicles. The excretion times for all vehicles was 
the same; they concluded that Green S would be an acceptable marker 
dye. 
An ion exchange technique for the detection of sub-visual 
quantities of Green S was developed in 1962 (36). Fifty ml sample 
milk is aspirated for about 2 min through a 10 Dml high by 8 mm 
diameter ion exchange column. The column contains Dowex No. 1 x 4 
100 to 200 mesh ion exchange resin. If the sample contains Green S, 
the resin in the upper part of the column turns green. The depth 
of color in the column is dependant on the concentration of dye in 
the sample. The technique could detect down to 0.03 µg dye per ml 
milk. 
Dalgaard-Mikkelsen and Rasmussen (18) developed another ion 
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exchange technique based on Rasmussen and Simesen's (57) analytical 
method for detecting low concentrations of Green Sin milk. The 
method employs a strongly basic anion exchange resin (permutit, 
"de-Acedite" FF SRA 68R). Sample milk is forced by a syringe 
through an attachment filled with the resin. The sensitivity of 
the method was tested on the dyes Green S, Food Blue No. 2, and 
Food Blue No. 3.· All three dyes were distinctly visible at 0.03 mg 
per liter. 
In 1962, Dalgaard-Mikkelsen and Rasmussen (18) conducted 
studies on the manufacture of various dairy products from milk con-
taining Green Sor Food Blue No. 4. Dairy products manufactured 
were skim milk, cream, butter, buttermilk, cheese, and whey. Depend-
ing on the kind and level of dye, and on the fat content of the dairy 
product, the products displayed color changes ranging from no dis-
coloration to a marked discoloration. The color of cream and butter 
were the least affected by the addition of either dye or any level. 
Their experimentation indicated that dye accumulation in dairy pro-
ducts was due to the solubility of dye in the aqueous phase of 
milk. 
Feagan et al. (24) combined 125 mg of Brilliant Blue FCF 
with 2.5 x 104 and 1 x 105 IU of penicillin. They concluded the 
dye could be successfully added to both levels of penicillin and 
would permit visual detection of milk containing penicillin. 
In September, 1962, dye marked intramammary penicillin 
preparations were introduced for mandatory use in the State of 
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Victoria, Austra lia. Preparations contained 125 mg Brilliant Blue 
F.C.F. for each 1 x 10
5 
units penicillin. Feagan (22) reported 
that prior to compulsory dye marking of intramammary penicillin 
inf~sions, the i nc idence of penicii'lin residues in individual 
farmer and bulk suppl ies were 15% and 80%, respectively. After 
19 mo of compuls ory use of dye marked intramammary infusions, the 
incidence of pe~icillin residues decreased by 74.6% and 77.5% in 
individual farmer and bulk supplies, respectively. 
In 1963, Dawson and Feagan (20) expanded work with Brilliant 
Blue F.C.F. to intramammary infusions containing dihydrostreptomycin. 
Preparations containing 125 mg dye combined with 1 x 105 µg anti-
biotic were excreted with a close correlation between dye and 
antibiotic. Antibiotic stability was unaffected by the dye. 
Khalil et al. (46) reported that no absorption of Green S 
occurred in the blood or urine of cows infused with dyed antibiotic 
preparations. There was no crossover of the dye from treated to 
untreated quarters of the udder. Results obtained from dissection 
of treated udders showed when, preparations made with a prolonged 
excretion vehicle were infused, Green S was present in granules 
coated with vehicle. The colored granules were found in the milk 
ducts as well as in the alveoli of the udder. There was no dis-
coloration of epithelium, connective fibrous or fat tissues. No 
evidence of adhesion of vehicle free dye was found. 
A comparison between Food Green No. 4 and Food Blue No. 3 
as tracer dyes was made in 1965 by H~gh and Rasmussen (37). 
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Stability of the preparations was not altered by either dye. The 
addition of either dye did not appear to increase the irritating 
effect of the preparations. Tracer dye was detectable for at least 
as long as the antibiotic; frequently dye was excreted after the 
antibiotic was gone. They concluded that both dyes were equally 
suitable for use. 
An ion exchange resin method sensitive to 0.005 mg to 
0.0025 mg of Brilliant Blue F.C.F. per liter of milk was developed 
by Feagan et al. (25) in. 1965. The technique involves placing 0.2 g 
R 
of Dowex AG 1 x 8 200 to 400 mesh chloride form ion exchange ·resin 
between two 3.17 cm sediment disks. The pads are glued together 
and stored in an airtight container until used. The pads are 
placed on a suction sediment tester and a vacuum of 12 to 14 psi 
applied. One hundred ml test milk is mixed with 100 ml 80°c 
deionized water in the tester. The mixture is aspirated through 
the tester in 20 to 30 sec, at which time the top filter disk is 
removed and the resin examined for discoloration. The goal of the 
researchers was to detect deliberate dilution of the dye in bulk 
milk. 
In August, 1971, the French Government initiated legislation 
·requiring preparations for intramammary infusions containing peni-
cillin-G to also contain Acid-Green or Brilliant Blue FCF. (5). 
The dye was to be detectable at a level equivalent to a penicillin 
concentration of 0.003 units per ml milk. 
In 1977, the South African Government decreed that all 
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antibiotics for intramammary infusion must contain Blue No. 2, 
Blue No. 3, or Green No. 4. The same law prohibited milk producers 
from selling the mi lk for human consumption for as long as the milk 
was .visibly colored (74). 
Switzerland and England prefer to impose considerable 
sanctions on producers selling antibiotic contaminated milk for 
human consumption. One reason proposed for the English non-use 
of dye markers is that one contaminant is added in order to detect 
another contaminant (5). 
MacIntosh and Vilim (51) introduced an additional ion 
exchange · resin method for detecting subvisual levels of Brilliant 
Blue FCF in milk. Sensitivity of 0.02 mg dye per liter milk 
was achieved. The procedure uses glass columns made from Pasteur 
pipettes plugged with glass wool wads in the tapered end. The 
columns are attached to a filter flask for aspiration. Dowex 
AG 1 x 2, 200 to 400 mesh chloride form resin is added to 100 ml 
sample milk. The mixture is stirred for 5 min, then aspirated 
through the column, allowing the resin to layer on the glass wool 
plug. After a deionized water rinse, the damp resin is examined 
for a greenish color which indicates the presence of dye. 
The Drugs Directorate of the Health Protection Branch, 
Health and Welfare Canada, conducted studies on the feasibility of 
compulsory addition marker dyes to antibiotic intramammary . in-
fusions used in Canada (12, 79). A major concern was the possibility 
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that the dye, Brilliant Blue FCF, could be an allergen; the 
Canadian investigators did not want to introduce one contaminant 
or allergen to detect the presence of another (49). Toxicological 
stuqies conducted concluded the possibility of demonstrating an 
allergenic potential for the dye was remote (49). 
Canadian research continued when Vilim et al. (78) com-
pared the excretion of Brilliant Blue FCF and penicillin combined 
in an oil based vehicle. Three consecutive infusions of the 
5 preparation, which consisted of 125 mg dye, 1 x 10 units of 
penicillin, and vehicle was made into two left quarters of six · 
cows. The preparation was reported to comply well with a 72 h 
milk withholding period. 
Excretion of Brilliant Blue FCF, penicillin G and di-
hydrostreptomycin from mastitic cows was studied in a field trial 
by Vilim et al. (79). Both right quarters of six cows were in-
fected with Staphlococcus aureus 4 days before treatment; the 
left side remained uninfected as a control. All four quarters 
of each cow were treated by three consecutive infusions of the 
preparation, which contained 1 x 105 units of procaine penicillin 
G, 1 x 105 units of dihydrostreptomycin, and 250 mg of Brilliant 
Blue FCF in an oil based vehicle. Dye excretion periods were 
found to be longer than either antibiotic in both infected and 
healthy quarters. No differences between healthy or infected 
quarters for dye, penicillin, or dihydrostreptomycin excretion 
was observed. 
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MATERIALS AND METHODS 
Six lactating cow intramammary infusions were studied for 
the determination of dye and antibiotic extinction tillles. Two of 
the six formulations were also used for udder irritation analysis. 
The experimental preparations consisted of AlbacillinR, supplied by 
the Upjohn Company, Kalamazoo, MI. AlbacillinR contains 1 x 105 IU 
procaine penicillin G and 150 mg of sodium novobiocin per 10 ml 
plastet of 2% glycerol monostearate in peanut oil gel (GlyPOG). 
AlbacillinR containing either FD&C Blue No. 1 or FD&C Blue No. 2 
at 25, 125, or 250 mg levels were administered. 
Animal Selection 
Five healthy Holstein cows producing 13.6 to 22.7 kg milk 
per day in their third or greater lactation were selected for the 
residue study, while those producing 6 to 11 kg milk per day were 
used for the udder irritation study. Each quarter of every cow was 
checked for udder health by palpation and by the California Mastitis 
Test (CMT). Even though cows chosen for each study had not been 
used on experiment or given any antibiotic therapy for at least 
8 wk, milk samples from all quarters were tested for antibiotics 
. R 
by the Delvotest-P method before treatment began. Cows used on a 
repeat basis were allowed a 3 wk period to clear before being re-
used in another dye marker study. 
Intramammary Infusion 
The five cows selected for each study were treated by 
intramammary infusion twice in a 24 h interval. There were a 
total of six groups of cows used in the entire study. The cows 
were treated by infusing the entire contents of a 10 ml plastet 
into each of the four quarters. After infusion, the udder was 
massaged for 2 to· 3 min to distribute the preparation throughout 
the udder. The tips of all four teats were scrubbed with clean 
gauze pads soaked in 70% isopropanol before treatment. Samples 
for dye and antibiotic residue assays were taken from the total 
production of all four quarters. 
Udder Irritation Studies 
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In addition to analysis of dye and antibiotic excretion, 
the 250 mg level of each dye was evaluated for udder irritation. 
Udder irritation studies included pre-treatment examination of each 
quarter of all cows; the udder was palpated and inspected for heat, 
swelling, pain, textu~e, and symmetry. Each quarter of all cows 
was tested for abnormal milk by the CMT before treatment. Somatic 
cell counts (SCC) were evaluated on quarter milk samples for four 
pre-treatment milkings to establish a baseline for post-infusion 
comparison. 
Samples were obtained by use of a quarter milking machine 
supplied by the Upjohn Company. Milk production for each quarter 
was determined by weighing individual quarter units before and 
after milking. Samples for dye and antibiotic analysis were 
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obtained from pooled quarter milk. 
Using a clean dipper, samples for sec were taken directly 
from well mixed quarter milker units. Samples were transferred to 
labeled, plastic 30 ml sample cups. A potassium dichromate pre-
servative tablet was added to each sample. Samples were shipped 
to Dairy Lab Services, Inc., Dubuque, IA, for analysis using a 
R Coulter Counter.· 
In order to determine udder irritation, the following para-
meters were selected: a) sec greater than 1.5 x 106 sec per ml for 
two or more consecutive post-treatment milkings; b) strip cup 
abnormalities; c) a 25% or greater decrease in milk production for 
. two consecutive post-treatment milkings; and d) physical signs of 
inflammation in the udder. 
Samples for antibiotic assay were frozen until analyzed. 
Samples for dye level determination were refrigerated immediately 
and analyzed within 48 h of being taken. 
Assay Procedures 
All milk samples for 14 post-treatment milkings were tested 
for antibiotic residues by using the Delvotest-PR method. Penicillin 
was analyzed for 14 post-treatment milkings using the Sarcina lutea 
cylinder plate method described by Barbiers (2) and Kramer et al. 
(48). Post-treatment milk samples were assayed for novobiocin after 
penicillin inactivation with penicillinase by the cylinder plate 
method out l ined by Barbiers and Smith (3) until at least one 
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negative result was recorded. 
Samples which were visibly blue were serially diluted 
until they matched a color standard (19). Samples not visibly 
blue ·were analyzed quantitatively for dye by an ion-exchange resin 
technique developed at South Dakota State University (SDSU); resin 
analysis continued on samples until -at least one negative test 
was obtained. 
Dye Level Determination 
Visibly blue milk samples were serially diluted with normal 
milk until the color matched a colored reference solution (19). 
Stock dye reference solutions were made by weighing out a small 
but known amount of powdered dye and dissqlying it in 100 ml normal 
2% milk. The stock dye solutions were diluted to obtain concen-
trations of 1.0, 0.75, 0.50, and 0.25 mg per liter (19). A con-
centration of 0.25 mg per liter of FD&C Blue No. 1 or FD&C Blue 
No. 2 was the visual limit of detection. Samples for comparison 
were poured into white titration cups and examined under cool-white 
fluorescent lights. If dilution was necessary, 15 ml of well mixed 
sample was pipetted into a titration cup and a known amount of 
normal milk was added. Dilution was continued until the sample 
color matched a reference solution. Comparisons were made with 
the highest concentration of reference allowing the closest match. 
Actual dye concentrations were calculated from the amount of dilu-
tion. 
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Visibly normal samples were tested for subvisual dye 
leveis as follows: a) 100 ml sample _milk was added to 0.2 g of 
DowexR AG 1 x 8 200 to 400 mesh chloride form ion-exchange resin 
in a . 25b ml beaker. The mixture was thoroughly stirred; after 5 
min, 100 ml of boiling, deionized water was added to the beaker. 
Filtration was done with the aid of a partial vacuum, using a 300 
R 
ml Gelman magnet~c filter funnel. The filter pad was a 3.7 cm 
milk filter disk; the pad placed on the metal grid in the funnel. 
The milk, resin, and deionized water mixture was aspirated through 
the funnel. A stream of deionized water was used to rinse resin 
off the s·ide of the funnel. The resin-dye complex was scraped 
from the filter pad and placed in a 10 ml glass, flat-bottomed, 
screw topped vial. The spatula used to scrape resin was rinsed 
with a stream of deionized water into the vial. A total of approx-
imately 5 ml of deionized water was added to each vial to make a 
diluted slurry. 
Standards for subvisual comparison were made with milk con-
taining 0.125, 0.0625~ 0.05, 0.04, 0.03, and 0.02 mg of dye per 
liter for FD&C Blue No. 1 and 0.125 to 0.01 mg of dye per liter 
for FD&C Blue No. 2. Standards for both dyes were analyzed by the 
previously described ion-exchange resin technique. Milk containing 
no dye was also analyzed and used as a zero control. The standard 
dye resins complexes were refrigerated in the vials until use. 
Resins from experimental samples were compared to standards 
by shaking the vials to suspend the ~yed resin. The color 
of the resin was noted as the resin settled to the bottom of the 
vial. The concentration of the standard resin which 
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most closely matched the color of the sample was recorded as sub-
visu~l dye concentration. 
Cylinder Plate Method for Penicillin 
The combining of antibiotics for intramammary infusion 
created problems when assaying for individual antibiotics (67). 
The combination of novobiocin and penicillin used in this study 
was assayed for by modifications of the cylinder plate method as 
described by Kramer et al. ( 48) • 
The test organism used for penicillin assay was Sarcina 
lutea (ATCC 9341). The lyophilized culture was kept frozen prior 
to use. Initial transfer from lyophilized to an active state was 
made in Brain Heart Infusion (BHI) broth (Difeo Laboratories), then 
0 incubated overnight at 32 C. The BHI broth culture was streaked 
onto BHI agar slants for two consecutive transfers; each transfer 
was incubated at 32°c ·for 16 to 24 h. Cells were then transferred 
to three slants of Antibiotic Medium No. 1 (Difeo Laboratories), 
and incubated for 18 hat 32°C. Bacterial growth was rinsed from 
two slants with approximately 2 ml sterile physiological saline 
(0.85% NaCl) and sterile glass beads. The bacteria were then trans~ 
ferred to a sterile Roux bottle containing 100 ml solidified Anti-
biotic Medium No. 1. The glass beads were used to distribute the 
bacteria evenly over the solid agar surface. The inoculated Roux 
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bottle was incubated at 32°c for 17 h. After incubation, the 
growth was rinsed off the agar surface with 35 ml physiological 
saline. The entire bulk suspension was poured into a sterile 
bottle. The bulk suspension was adjusted with sterile physiological 
saline until the 1:35 dilution would give a 25% light transmission 
at 580 nm. The optimum amount of adjusted bulk suspension was 0.1 
ml per 100 ml of ~edium. The suspension was stored at 4°c for no 
longer than 2 wk. · 
Antibiotic Medium Nos. 1 and 4 were prepared before assay; 
100 ml of dissolved media was measured into standard dilution 
bottles. · The filled bottles were capped and autoclaved at 15 psi 
for 15 min, and were allowed to solidify at room temperature before 
refrigerating. Prior to plate preparation, the required number of 
media bottles were liquified in a steam chest, then tempered in a 
water bath to so0 c. 
Sterile, 100 x 15 mm, disposable plastic petri dishes were 
marked for sample identification and cylinder placement. Using a 
sterile CornwallR pipettor (Becton-Dickinson), 10 ml of tempered 
Antibiotic Medium No. 1 was transferred to labeled petri dishes. 
After the agar had solidified, the petri dishes were dried with 
0 covers off in a 39 C incubator for 50 min (3). The covers were 
replaced after drying. 
Dilution bottles containing 100 ml of tempered Antibiotic 
Medium No. 4 were inoculated with 0.1 ml adjusted bulk suspension. 
To selectively bind novobiocin in test samples, 1.0 ml of a resin 
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slurry was added to 100 ml of tempered Antibiotic Medium No. 4 (2). 
The ~esin slurry consisted of a chloride form anionic exchange 
resin (Dowex 1 x 4, 50 to 100 mesh) and distilled~ deionize~ water, 
The resin slurry was prepared by washing the resin with distilled 
water; after washing, enough distilled water was added to make a 
1.5 v/w suspension. The slurry was autoclaved at 15 psi for 15 to 
20 min. 
After culture and resin were added to the tempered medium, 
the bottles containing the mixture were inverted gently several 
times. Using sterile, large-tipped, 11 ml pipettes, 4 ml of 
seeded An'tibiotic Medium No. 4, containing the resin mixture, was 
. pipetted onto the base layer and distributed evenly over the sur-
face. After the agar solidified, the covers were removed from the 
dishes and the plates were dried in a 39°c incubator for 25 min 
(3). The covers were replaced after the plates were dried, and 
the plates were used immediately. 
Five stainless steel cylinders ("penicylindersR,,, Fisher 
Scientific Company) were placed on the dried agar surface with 
flamed tweezers. The outside diameter of the cylinders was 8 mm, 
the inside diameter was 6 mm, and length was 10 mm. Five cylinders 
were used on each plate to avoid overlapping zones. Disposable 
Pasteur pipettes were used to fill three cylinders with test 
sample (40). Alternate cylinders were filled with milk containing 
0.05 units per ml of penicillin as a reference solution. Plates 
were incubated at 32°c for 14 to 18 h. After incubation, the 
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diameters of the zones of inhibition were measured to the nearest 
0.5 with a divider and millimeter ruler, 
Cylinder Plate Method for Novobiocin 
The test organism used was Staphlococcus epidermidis (ATCC 
12228). The culture was stored, revived, and standardized in the 
same manner as th~ culture for the penicillin assay. An adjusted 
bulk suspension was obtained when a 1:25 dilution gave 25% light 
transmission. The suspension was kept refrigerated and could be 
used for 1 wk. The optimum amount of suspension to be used in 
100 ml of .media was 0.075 ml. 
Petri dishes were prepared in the same manner as ~hey 
were in the penicillin assay; bottles of liquified, tempered Anti-
biotic Medium No. 1 were inoculated then inverted gently several 
times to evenly dispense the bacteria. Seven milliters of inocu-
lated medium was pipetted into prepared petri dishes (3). After 
the agar solidified, the plates were dried without covers in a 
0 , d 39 C incubator for 35 min. After drying, plates were remove, 
covers replaced, and used immediately. 
Five cylinders were placed on the dried agar surface; two 
alternate cylinders were filled using Pasteur pipettes with 0.5 µg 
per ml of novobiocin as a reference. Sample milk was treated with 
penicillinase (BactoPenaseR eoncentrate from Difeo Laboratories) 
before assay (48); penicillinase concentrate was added at the rate 
of 0.5 ml per 10 ml of sample milk. The tubes were then incubated 
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at 37°c for 30 min. The samples were transferred into the cylin-
ders on the corresponding plates and plates were incubated at 32°c 
for 16 h. After incubation, plates were inverted to remove cylin-
ders;_ the agar surface was carefully ·washed with warm water to 
facilitate zone diameter measurement. Zone diameters were measured 
with dividers and a millimeter ruler. 
R 
Delvotest-P Method 
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Delvotest-P assay kits were obtained from GB Fermentation 
Industries Inc., Des Plaines, IL. A positive and negative control 
were run with each group of samples to ensure adequate incubation 
time and proper function of the test system. Ampules were marked 
with sample identification, then broken at the scored neck edge. 
Using tweezers, a nutrient tablet was added to each ampule. 
Syringes equipped with disposable tips were used to transfer 0.1 ml 
of well mixed sample to the ampules. The ampules were placed in a 
test tube rac~ then incubated in a 63° to 66°C water bath for 2.5 h. 
After incubation, the color of the agar was read; a yellow color of 
the whole solid medium indicated a negative test (Oto 0.003 IU 
penicillin per ml), while a solid purple color of the agar indi-
cated a positive, test (0. 006 or greater IU penicillin per ml) (80). 
Samples containing between 0.004 and 0.005 IU penicillin per ml 
caused a partly yellow, partly purple color reaction. These 
samples were designated as "+/-", but were considered positive 
for purposes of data interpretation. 
Preparation of Standard Curves 
Standard curves were prepared for both antibiotics. The 
sodium salt of penicillin G had an activity of 1675 IU per mg 
penic~llin. Before use, the sodium salt of novobiocin was dried 
0 
at 100 Cina vacuum for 4 h (15). Both antibiotic standards 
were obtained from Sigma Chemical Company, St. Louis, MO. 
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A small bu~ known quantity of the antibiotic under test 
was weighed and dissolved in 100 ml of the appropriate buffer; 
penicillin was dissolved in 1% phosphate buffer, pH 6.0 ± 0.1 
(8.0 g monobasic potassium phosphate and 2.0 g dibasic potassium· 
phosphate "diluted to 1 liter with distilled water) (48). Novo-
biocin was dissolved in 0.1 M phosphate buffer, pH 8.0 ± 0.1 
(16.73 g dibasic potassium phosphate and 0.523 g monobasic potas-
sium phosphate diluted to 1 liter with distilled water) (48). 
Both buffers were adjusted to pH with 18 N phosphoric acid or 
10 N potassium hydroxide, dispensed into dilution bottles, and 
then autoclaved at 15 psi for 15 to 20 min. 
A portion of the penicillin stock solution was diluted with 
1% phosphate buffer to give a concentration of 10 IU penicillin per 
ml. A part of the novobiocin stock solution was diluted with 
st·eamed 2% antibiotic-free milk to give a concentration of 10 ug 
per ml. The antibiotic-free 2% milk used for all dilutions was 
obtained from the SDSU Dairy Processing Plant; the milk was steamed 
36 
for 30 to 45 min. After steaming, the milk was chilled immediately 
in co~d water, then refrigerated until use. Figure 1 shows the 
sequential dilution of the stock antibiotic solutions to give the 
desired antibiotic concentrations. Standard curves were run in 
the same manner as the experimental samples. Zone diameters were 
measured and recorded as previously described. The standard 
penicillin concentrations used to establish standard response 
curves were made following a geometrical progression by a factor 
of two ranging from 0.0063 IU per ml to 0.2 IU per ml. The stan-
dard concentrat i ons used to establish standard response curves for 
novobiocin· ranged from 0.06 µg per ml to 2 µg per ml and were 
related geometrically by a factor of two. A regression equation 
was calculated for each standard curve using the log
10 
of the 
standard concentration as y values and the corrected zone diameters 
as x values. Standard curve data was entered into a programmable 
R 
calculator (Hewlett-Packard 33E) and used to convert corrected 
average zone diameters of test samples to concentration. 
After use, the ·cylinders were rinsed thoroughly with clear 
. R 
warm water then hot water and detergent (Alconox ). They were 
rinsed thoroughly, followed by boiling for 45 min in 15% nitric 
acid. They were then rinsed with deionized, distilled water. The 
0 
cylinders were placed in an oven at 110 C until dry; after cooling 
they were stored in covered containers. 
FIGURE l. Preparation of penicillin and novobiocin standards. 
Penicillin 
Concentrat i .on 
(units/ml 
x units/ml 
10 units/ml 
J1 l unit/ml 
! 
0.4 unit/ml 
0.2 unu1m1• 8 
a ! 
O.l unit/m1 n 
0.05 unit/m1 0 
\ 
a 
0.02s ""U'm1 
o.ous unit/m10 
0.00625a 
unit/ml 
Dilution 
small but known 
amount of peni-
cillin dissolved 
in 100 ml 
1% phosphate 
buffer 
x ml to ( 100-x) 
ml of 1% pho•-
phata buffer 
10 ml to 90 ml 
2% milk 
40 ml to 60 ml 
2% milk 
50 ml to 50 ml 
2% milk 
50 ·ml to SO ml 
2% milk 
50 ml to 50 ml 
2% milk 
50 ml to 50 ml 
2% milk 
50 ml to 50 ml 
2% milk 
SO ml to 50 ml 
2% milk 
Novobiocin 
Concentration 
(µg/ml) ! X ~/m1 
• 10 .,,m1 
0 8 ,g/ml 
• 8 4 .,,m1 
8 :::::: 
+ 
0.5 µ g/mla 
0.25 µ g/mla 
8. 0.125 µg/mla 
0. 063 µg/ml a 
aSolution used in construction of standard curve. 
Dilution 
small but known 
amount of novo-
biocin dissolved 
1n 0.1 M phos-
phate buffer 
X + (100-x) ml 
of 2% milk 
80 ml to 20 ml 
2% milk 
SO ml to SO ml 
2% milk 
SO ml to 50 ml 
2% milk 
SO ml to SO ml 
2% milk 
SO ml to SO ml 
2% milk 
SO ml to SO ml 
2% milk 
SO ml to SO ml 
2% milk 
50 ml to SO ml 
2% milk 
RESULTS AND DISCUSSION 
The main objective of this study was to determine the 
extinction endpoints ·of dyes and antibiotics in each of six dye-
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·marked intramammary infusions. The preparations were studied to 
select an infusion in which the dye concentration in milk from 
treated quarters would not fall below the visual endpoint, 0.25 mg 
of dye per liter o~ milk until the antibiotic concentration had 
fallen below detectable limits, 0.004 IU of penicillin per ml, 
R using the Delvotest-P assay. 
The definitive criteria established for determining dye 
endpoints consisted of visual observation of milk samples for blue· 
color. Dye endpoints were reached when samples of milk, in white 
titration cups, were not visibly discolored. The subvisual end-
points consisted of comparing resin treated milk samples to a 
zero standard. 
Antibiotic residues were determined by previously described 
. R 
cylinder plate (CP) methods (15), and by the Delvotest-P • Anti-
biotic endpoints determined by the Delvotest-PR method generally 
agreed with those from the CP assays. Where they did not agree, 
R . 
the Delvotest-P results were positive for a greater number of 
milkings and were used in determining the antibiotic endpoints. 
R R 
The Delvotest-P values were used because the Delvotest-P assay 
is faster, more sensitive, and less tedious than the CP method. 
However, quanitative antibiotic data was obtained from CP assay. 
R The use of the Delvotest-P caused a problem in 
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interpretation of a± (doubtful) test result. In 1955, Babel (1) 
repor_ted that milk containing less than O. 05 IU penicillin per ml 
usually does not inh.ibit the growth or acid production of lactic 
cultures. More recently, Tamine and Deeth (72) reported inhibition 
of Streptococcus thermophilus and Lactobacillus bulgaricus at peni-
cillin concentrations of 0.01 to 0.004 IU and 0.100 to 0.020 IU 
per ml, respectiv~l y . Doubtful test results with the Delvotest-P 
occurs with ant i biot ic concentrations ranging from 0.004 to 0.005 
IU per ml. Therefore, milk inducing a doubtful result may inhibit 
Streptococcus thermophilus in a lactic culture. The major purpose 
for monitoring milk for antibiotic residues is that consumption of 
milk containing antibiotiGs will cause allergic reactions in hyper-
sensitive people (56). The minimum antibiotic concentration 
required to induce an allergic reaction is unknown. A case of 
dermatitis was reported after a person consumed milk containing 
0.03 IU penicillin per ml (7). 
The minimum concentration of antibiotic capable of inducing 
antibiotic resistance in the general bacterial population is un-
known. Hueber (38) reports that as little as two parts per ~illion 
(ppm) penicillin daily has caused the development of penicillin 
resistant gram-negative enteric organisms. Nonpathogenic Escherichia 
coli have the capability to acquire drug resistance and to pass this 
resistance to sensitive pathogenic Salmonella bacteria; the patho-
gens may become resistant to the antibiotic without ever contacting 
it (38). 
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Since penicillin in low concentrations can cause doubtful 
, R 
test results in Delvotest-P assays, doubtful results were inter-
preted as pos i tive for antibiotic presence in analyzing experimental 
data. Results from dye and antibiotic residue analyses are summar-
ized in Figures 2 through 7 and in Appendix Tables 1 through 6. 
Dye and Antibiotic . Residues in Milk Following Intramammary Infusion 
With Preparations Containing FD&C Blue No. 1 
The preparation containing 25 mg of FD&C Blue No. 1 proved 
to be unsatisfactory as a visual indicator of antibiotics in milk 
due to a too rapid extinction of dye (Figure 2, Appendix Table 1). 
The milk was not visibly discolored after the second (cows 3637, 
3644, and 3669) or third (cows 3355 and 3197) milkings. Resin 
detectable quantities of dye were seen at third or later milkings. 
Milk from cow 3197 contained no detectable dye at the fourth milking, 
but milk from the fifth milking discolored resin during the ion-
exchange assay. Antibiotics were detectable until the fourth milk-
ing in cow 3197. Antibiotic excretion agreed closely with subvisual 
dye extinction in milk from the other four cows; both antibiotic and 
dye were detectable until the third milking. 
Dawson and Feagan (19) incorporated 31 mg of FD&C Blue No. 1 
4 
with 25 x 10 IU of penicillin in ·a paraffin base. Their results 
were similar to the present study; half of the treated cows excreted 
visually normal milk before the antibiotic was completely excreted. 
Dye extinction from cows treated with infusions containing 
125 mg of FD&C Blue No. 1 was also more rapid than penicillin or 
novob~ocin (Figure 3, Appendix Table 2) • . Milk was visibly blue 
until the third milking. Antibiotics were detectable by the CP 
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R method for at least three milkings, arid by Delvotest-P for as many 
as six milkings (cow 3355). Subvisual analysis of dye extinction 
R 
paralled Delvotest-P results in milk samples from four of the seven 
cows treated. 
In a study using 125 mg of FD&C Blue No. 1 in an intramammary 
infusion product containing 100,000 IU penicillin, Vilim et al. (79) 
concluded the preparation was a practical system for dyed antibiotic 
infusions. · Examination of their published experimental data revea·led 
several reasons for dye level discrepancies between the present study 
and theirs: a) doubtful test results from Delvotest-PR analysis were 
interpreted by Vilim et al. as being negative for antibiotic pres-
ence; b) dye extinction was determined by an ion-exchange resin 
technique by Vilim et al., not by visual examination; and c) visual 
dye levels were not quantitatively determined in the Vilim study but 
recorded as 'blue" or "-light blue". Using criteria established for 
this study to evaluate data from the study by Vilim et al. (79), 11 
out of 12 (91.7%) treated quarters excreted subvisual dye levels at 
least one milking before the penicillin had fallen below detectable 
limits. Four quarters (33.3%) gave normally colored milk for two 
or three milkings before penicillin extinction. 
Feagan et al. (24) reported incorporation of 125 mg of FD&C 
Blue No. 1 with 1 x 105 IU of penicillin resulted in a practical way 
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Figure 2. Duration of dye (D, solid bar denotes subvisual 
assay; open bar denotes visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-P~ in mtlk 
from cows following two intramammary infusions with AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 25 mg dye No. 1 (FD&C Blue No. 1). 
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Figure 3. Duration of dye (D, solid bar denotes subvisual 
assay; open bar denot es visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-PR) in milk 
from cows following two intramammary infusion with AlbacillinR (150 mg 
novobiocin; 100,000 IU penicillin per 10 ml infusion) containing 125 
mg dye No. 1 (FD&C Blue No. 1). 
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Figure 4. Duration of dye (D, solid bar denotes subvisual 
assay; open bar denotes visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-PR) in milk 
from cows following two int ramammary infusions with AlbacillinR (150 
mg novobiocin; 100,000 IU penicillin per 10 ml infusion) containing 
250 mg dye No. 1 (FD&C Blue No. 1). 
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to warn da iry producers that a cow's milk is contaminated with anti-
biotiGs. Milk was colored blue for only as long as it contained 
appreciable quantit ies of penicillin. Endpoint concentrations of 
penicillin were dismi ssed as being of comparatively little practical 
importance since milk con taminated with penicillin is usually diluted 
with considerable quantities of normal milk before reaching the 
cheese pl ant or coasumer (24). However, in the United States it is 
illegal to dilute ant i biotic contaminated milk until the antibiotic 
is not dete ctable . 
Results f r om analysis on milk from cows infused with 250 -mg 
of FD&C Blue No. 1 show close agreement between dye and antibiotic 
extinction times (Figure 4, Appendix Table 3). In three of the five 
cows treated (cows 3627, 3654, and 3576), both antibiotics and vis-
ually detecta ble dye levels were excreted by the third milking. The 
remaining two cows excreted visually discolored milk for one milking 
after the antibiotic concentration was below detectable limits by 
R 
Delvotest-P . Subvisual dye levels were detected until the fifth 
milking in milk from all cows. Milk from cow 3654 showed no detect-
able dye at the fourth milking, but contained 0.125 mg dye per liter 
at the fifth milking (Figure 4, Appendix Table 3). This preparation 
was the only dye-antibiotic combination in this study which met the 
established criteria for a visual method of detecting antibiotics 
in producer milk by visually discoloring milk until antibiotic levels 
had fallen bel ow detectable limits. 
In work with dihydrostreptomycin in a paraffin base, Dawson 
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and Feagon (20) added 2.0 x 105 µg of dihydrostreptomycin with 250 
mg of .FD&C Blue No. 1 in two g base • . They reported results parallel-
ing those of the present study; there was adequate indication of 
antibiotic contamination of milk until the visual endpoint had been 
reached. -
Dye and Antibiotic Residues in Milk Following Intramammary Infusion 
With Preparations Containing FD&C Blue No. 2 
Milk from cows infused with preparations containing 25 mg 
of FD&C Blue No. 2 was visibly blue for one milking in four cows, 
and for two milkings from cow 3654 (Figure 5, Appendix Table 4). 
No dye was detectable in milk from the third milking. Antibiotics 
were present until the fourth milking in four cows; milk from cow 
3630 had no detectable antibiotic after the third milking. 
Infusions containing 125 mg of FD&C Blue No. 2 were also 
unsatisfactory as a visual indicator of antibiotics in producer milk 
due to rapid dye excretion (Figure 6, Appendix Table 5). In milk 
from all five cows tre~ted, dye was visible through the second milk-
ing. Subvisual dye levels were detected through the third milking 
in four cows; milk from cow 3637 contained no subvisual quantities 
of dye at the third or subsequent milking (Figure 6). Antibiotic 
endpoints agreed closely with subvisual dye endpoints in milk from 
four cows; both antibiotic and dye ·were detectable through the third 
milking. Milk from cow 3637 gave a doubtful (interpreted as posi-
tive) Delvotest-PR result on the fourth milking (Appendix Table 5). 
so 
Figure 5. Duration of dye (D, solid bar denotes subvisual 
assay; open bar denotes visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-PR) in milk 
from cows following two intramammary infusions with AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 25 mg dye No. 2 (FD&C Blue No. 2). 
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Figure 6. Duration of dye (D, solid bar denotes subvisual 
assay; open bar denotes visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-PR) in milk 
from cows following two intramammary infusions with ·AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 125 mg dye No. 2 (FD&C Blue No. 2). 
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The 250 mg level of FD&C Blue No. 2 was visually detectable 
in mil~ for two milkings after infusion. In cow 3576, subvisual 
levels were present for one milking after visual levels had been 
excreted (Figure 7, Appendix Table 6). Milk from the other cows 
showed no subvisual dye levels. Antibiotics were detected until 
the fifth milking. This preparation was judged unsatisfactory. 
Udder Irritat ion 
Udder irritation studies were conducted on the 250 mg level 
of both FD&C Blue No. 1 and FD&C Blue No. 2. The assumption was 
made that i.f the highest dye level did not cause udder irritation, 
the lower dye levels would also not cause irritation. 
Tests for udder irritation were conducted on a quarter udder 
basis, and were evaluated on these criteria; a) somatic cell counts 
(SCC) greater than 1.5 million for two or more consecutive milkings; 
b) physical signs of inflammation, including heat, pain, swelling, 
and a change in texture or symmetry; c) abnormal fore milk as indi-
cated by strip cup examination; and d) a 25 or greater percent 
decrease in milk production· for two or more consecutive milkings. 
Data from the four pre-treatment milkings were used to cal-
culate baselines for post-treatment quarter milk production and SCC. 
Average quarter milk production was calculated by averaging produc-
tion from the two morning (am) and two evening (pm) pretreatment 
milkings for each quarter. Morning and evening post-treatment pro-
duction was compared to the corresponding pre-treatment average. 
Indications of irritation occurring after 72 h after treatment two 
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Figure 7. Durat ion of dye (D, solid bar denotes subvisual 
assay; open bar denotes visual assay), novobiocin (N, CP method), 
penicillin (P, CP method), and antibiotic (A, Delvotest-PR) in milk 
from cows following two intramammary infusions with AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 250 mg dye No. 2 (FD&C Blue No. 2). 
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(T2+72h) we re no t considered to be treatment related. 
. R 
Udder ·Irritation Foll.owing Intramammary Infusion With Albacillin 
Containing 250 mg FD&C Blue No. 1 
Appendix Figures _8 through 12 illustrate sec of each quarter 
of the five cows used for this udder irritation study. In each 
quarter t her e i s considerable SCC fluctuation from milking to milk_: 
ing. A SCC of < 300,000 could be considered to be normal for most 
1 
cows . 
Twel ve samples or 7.5% of the samples analyzed for irritation 
had sec greater t han 1. 5 million per ml. Milk from cows 3627 (RR 
quarter), 3654 (RR quarter), and 3094 (LR quarter) showed elevated 
counts(~ 1.5 million cells per ml) before treatment. The RR quarter 
of cows 3627 and 3654 were mastitic before treatment; infusion of 
the preparation appeared to have cured the infections. Cow 3627 may 
have had a chronically infected RR quarter; the SCC indicated mastitis 
again at T
2
+133 h. Cow 3094 (RR quarter) was the only cow to have a 
SCC > 1.5 million for two consecutive milkings; however, the RR quar-
ter had an elevated count before treatment. 
The RR quarter of cow 3094 showed moderate swelling for three 
post-treatment milkings (T
2
+13 h through T
2
+37 h); however, fore milk 
was normal in the RR quarter. No abnormal fore milk was detected 
from any cow. No other cow showed physical signs of irritation. 
Milk production of cow 3627 (LF quarter) decreased 25% or 
1 Clyde A. Kirkbride, DVM. SDSU, SD. Personal communication. 
58 
greater for four consecutive milkings (T
1
+13 h through T
2
+36 h). 
The d~crease in production accounted for 2.5% of the 160 quarter 
samples. Production ·from other cows was normal. A summary of udder 
irrita_ti.on criteria is shown in Table ·1. The preparation was judged 
to be non- i rritating to healthy lactating udder tissue. 
Dawson and Feagan (19) studied FD&e Blue No. 1 to determine 
toxicity to udder ~issues. The amount of dye infused or vehicle 
used was no t specified. A significant rise in SCC was observed in 
milk from c ows infused with either dyed or undyed infusions. sec 
determined on three occasions three wk after infusion showed normal 
counts. In the present study, milk from cows showing increased SCC 
returned to normal counts very quickly. 
Udder Irritation Following Intramammary Infusion With AlbacillinR 
Containing 250 mg FD&C Blue No. 2 
Appendix Figures 13 through 17 illustrate sec of each quarter 
of five treated cows. Eight of the 160 samples (5%) had counts 
greater than 1.5 million cells per ml, and were indicative of mas-
titis or i r r i tation. Cows with irritated quarters were 3669 (RR 
quarter) and 3094 (LF and LR quarters). 
None of the cows showed physical signs of irritation or 
abnormal fore milk. There was no decrease in milk production. A 
summary of udder irritation criteria is shown in Table 2. The prep-
aration was judged to be non-irritating to healthy lactating udder 
tissues. 
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TABLE 1. Summary of udder irritation Rriteria from cows following 
intramammary i nfusion with Albacillin ,a containing 250 mg dye No. 
1. 
Cow 
no. 
3627 
3647 
3654 
3576 
3094 
C Quarter 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
LR 
LF 
RR · 
RF 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
Pr e-treatment 
milk 
produation 
kg . 
2.60 
0.85 
1. 78 
0.90 
1.89 
2 . 14 
1. 77 
1.43 
3.11 
1. 72 
1.59 
2.65 
2 e 18 
1.31 
2. 2-9 
0.93 
1.64 
1.07 
2.05 
1. 74 
Decreased 
milk. 
production 
>25%e 
+ 
No. sec 
> t,·~ X 
10 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
5 
1 
Physical 
sign of 
irritationg 
+ 
al50 mg novobiocin and 100,000 IU penicillin per 10 ml 
infusion. 
bFD&C Blue No. 1. 
cLR = left rear, LF = left front, RR= right rear, RF= 
right front. 
d Average of four pre-treatment milkings. 
eProduction based on average morning or evening pre-treat-
ment milkings, comparisons made through milking T2 + 72 h. 
£Number of SCC 1.5 million per ml from milkings T1 + 13 h 
through T2 + 72 h. 
glncludes heat, pain, swelling, and a change in texture or 
symmetry of the udder. 
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TABLE 2. Summary of udder irritation ~riteria from cows following 
intramwnmary i nfusion with Albacillin ,a containing 250 mg dye 
No. 2. 
Cow 
No. 
3637 
3669 
3576 
3493 
3094 
C 
Quarter 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
LR 
LF 
RR 
RF 
Pre-treatment 
milk 
produation 
kg . 
2.58 
1.26 
2.39 
1. 91 
2.76 
2.52 
2.35 
2.39 
1.87 
1.08 
2.28 
1.29 
2.25 
2.06 
3.02 
2.97 
1.50 
0.91 
1.59 
1.47 
Decrea-sed 
milk 
product~on 
> .. 
No. sec 
X 
10 
0 
0 
0 
0 
1 
0 
3 
0 
1 
1 
0 
1 
0 
0 
0 
0 
3 
3 
1 
1 
Physical 
sign of 
irritationg 
al50 mg novobiocin and 100,000 IU penicillin per 10 ml 
infusion. 
bFD&C Blue No. 2. 
cLR = left rear, LF = left front, RR= right rear, RF= 
right front. 
d Average of four pre-treatment milkings. 
eProduction based on average morning or evening pre-treat-
ment milkings. Comparisons made through milking T2 + 72 h. 
£Number of sec~ 1.5 million per ml from milkings T1 + 13 h 
through T
2 
+ 72 h. 
gincludes heat, pain, swelling, and a change in texture or 
symmetry of the udder. 
SUMMARY 
Six lactating cow dye/antibiotic intramammary infusion 
preparations were studied to: a) determine antibiotic and dye 
excret_ion endpoints; b) determine the ·effectiveness of two dyes 
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at three levels as indicators of antibiotics in producer milk; and 
c) in the 250 mg level of each dye, determine udder irritation. 
R 
Albacillin., containing 100,000 IU of procaine penicillin 
G plus 150 mg of sodium novobiocin combined with 25, 125, or 250 
mg of FD&C Blue No. 1 (Color Index 42090) or FD&C Blue No. 2 (Color 
Index 73015) per infusion, was used in the study. The dye and 
antibiotic·s were suspended in 10 ml of glyceroJ monostearate-peanut 
oil gel. Thirty healthy cows producing 13 to 23 kg milk per day 
were treated in each quarter twice in a 24 h period. 
The 250 mg level of both dyes were also studied to detect 
udder irritation. The cows used for udder irritation produced 6 
to 11kg per day. Pre-treatment examination of the cows included 
udder palpation to check for heat, pain, swelling, texture, and 
symmetry. The nature of fore-milk from each quarter was determined 
by strip cup examination and by California Mastitis Test (CMT). 
Somatic cell counts (SCC) were made on samples collected with a 
quarter milking machine; samples were collected during four pre-
treatment, two on-treatment, and 14 post-treatment milkings. Milk 
production from each quarter was recorded and compared to pre-
treatment production. 
Milk samples from 14 post-treatment milkings were tested 
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for dye and antibi otic content. Dye levels were determined vis-
ually; _ subvi sual dye levels were determined by an ion-exchange 
resin method . Ant i biotic residues were detected by cylinder plate 
R (CP) a $says and by Delvotest-P • 
Pr eparations containing 25 mg of FD&C Blue No. 1 were vis-
ibly blue for two to three milkings; antibiotics were detected for 
three t o four milkings. Subvisual dye levels were detected in 
samples from the thi r d to fourth post-treatment milking. 
The 125 mg level of FD&C Blue No. 1 was unsatisfactory; 
milk was visibly blue for three milkings, and antibiotics were 
detectabl e ·f or f ou r to six milkings. Subvisual dye endpoints 
agreed close l y with Delvotest-PR results in four out of the 
seven trials. 
Vis ual dye and antibiotic excretion endpoints from cows 
treated with preparations containing 250 mg of FD&C Blue No. 1 
were identical in t hree cows while milk from the other two cows 
was visibly blue f rom one milking after antibiotics were no longer 
detectable . Subvisual dye quantities were detected for one to two 
milkings after visual levels were excreted. This was the only 
preparati on i n t he study to maintain visual dye levels until the 
antibiotic fell below detectable limits, and may be satisfactory 
as an on-fann control measure for antibiotics in producer milk 
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without using any specialized detection equipment. 
Preparations containing 25 mg of FD&C Blue No. 2 visually 
disco lored milk fo r one to two post-treatment milkings. Antibiotics 
were detected. until t he third or fourth milkings. Subvisual dye 
levels wer e detected for two milkings. This preparation was 
judged unsatisfactory as an indicator of antibiotics in milk. 
Prepar ations containing 125 mg of FD&C Blue No. 2 were 
unsatisfactory as a visual indicator due to rapid depletion of 
visual dye levels ; milk from treated cows was visually discolored 
for two milking s . Antibiotics were detected for three to four 
milkings . Subvisua l dye endpoints showed close agreement with 
antibiot i.c endpoi nts in four of the five trials. 
Visua l l eve ls of 250 mg of FD&C Blue No. 2 were excreted 
by the second mi lki ng. Antibiotic residues were detected until 
the fift h mil ki ng . Milk from one cow showed resin-detectable dye 
levels at t he t hird milking. 
Preparations containing 250 mg of FD&C Blue No. 1 induced 
moderate swelling in one quarter of one cow for three milkings. 
Strip cup examination detected no abnormal fore milk in any treated 
quarter. Somatic cell counts greater than 1.5 million for two or 
more consecutive milkings were noted in three quarters. A decrease 
in milk production was observed in one quarter for four milkings. 
No other s igns of irritation were noted. Due to the low incidence 
of irritation and its transitory nature, the preparation was 
judged t o be non-irritating to healthy, lactating udder tissue. 
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Preparat ions containing 250 mg of FD&C Blue No. 2 caused 
no ph¥sical change in the udders of treated cows. Fore-milk was 
normal. Somatj_c cell counts greater than 1. 5 million for two or 
more consecutive milkings were noted only in five cases. There 
was no decrease in milk production. The preparation was judged to 
be non-irritating to healthy, lactating udder tissue. 
Further research to determine statistical correlation be-
tween dye and antibiotic milkout times is warranted on several of 
the preparations screened in this study. The 25 mg level of FD&C 
Blue No. 1 and 125 mg level of FD&C Blue No. 2 in AlbacillinR has 
potential ·as subvisual indicator of antibiotics in producer milk. · 
AlbacillinR containing 250 mg of FD&C Blue No. 1 has 
potential as a visual indicator of antibiotics in producer milk. 
It should be noted that any change in vehicle, treatment regime, 
antibiotic type or sensitivity and test methods would most likely 
change the endpoints noted in this study. Therefore, each variation 
on these parameters would have to be evaluated as to dye type and 
level tha t would have endpoints to those of antibiotics. 
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Appendix Figures 1 through 5. Somatic cell counts per ml of 
individual quarter milk samples from cow numbers 3627, 3647, 3654, 
3676, and 3094 following two intramammary infusions with AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 250 mg dye No. 1 (FD&C Blue No. 1). 
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Appendix Figures 6 t hrough 10. Somatic cell counts per ml of 
individual quarter mi l k samples from cow numbers 3576, 3493, 3094, 
3669, and 3637 following two intramammary infusions with AlbacillinR 
(150 mg novobiocin; 100,000 IU penicillin per 10 ml infusion) con-
taining 250 mg dye No . 2 (FD&C Blue No. 2). 
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APPENDIX TABLE 1. Residual l eve ls of novobiocin a, penicillin a, and 25 mg dye No. lb in miik follow-
ing intramammary infusion. 
Cow no. 
(milkdyield 
C 
Post- treatmen t milking 
in kg ) Assay 1 2 3 4 5 6 -7 8 9 10 11 12 13 14 
3637 Novobi ocin µg/ml 1. 70 0.19 0. 22 0 
(22. 7) Penicillin IU/ml 1.91 0.33 0 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 6 1 0.125 0 
3644 Novobiocin µg/ml 2.43 0.37 0.20 0 
(17.3 Penicillin IU/ml 1.64 0.25 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 6 0.25 0.06 0 
3355 Novobioci.n µg/ml 2.55 0.55 o. 20 0 
(15.6) Penicillin IU/ml 1.85 0.29 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 6 0. 75 0.25 0 
3669 Novobiocin µg/ml 1.42 0.28 0.18 0 
(21. 4) Penicillin IU/ml 1. 75 0.29 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 5 0.50 0.06 0 
3197 Novobiocin µg/ml 1. 77 0.19 0 0 
(24.6) Penicillin IU/ml 1.07 0.23 0.01 0.02 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
D~/1 6 1.50 0.75 0 0.06 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b 
FD&C Blue No. 1. 
cNovobiocin and penicillin determined by cylinder plate method; dye levels 2:_ 0.25 mg per 1 00 
determined by dilution method; < 0.25 mg per 1 determined by resin method. Ul 
dAverage daily production for duration of ~xperiment. 
APPENDIX .TABLE 2. Residual l evel s of novobiocina, penicillina. and 125 mg dye No. lb in milk follow-
ing intramauunary infusion. 
Cow no. 
(milkdyield 
C 
Post-treatment milking 
in kg ) Assay 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
--
3630 Novobiocin µg/ml 2.20 0. 71 0.16 0 
(19.9) Penicillin IU/wl 0.95 0.18 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
Die ml/1 21 2 0.25 0.125 0 
3553 Novobiocin µg/ml 2.62 0 .65 0.27 0 
(20. 4) Penicillin IU/ml 2.51 0.62 0.08 0.02 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
Dte mg/1 27 3 0.5 0.10 0 
3654 Novobiocin ~g/ml 2.91 0.83 0.18 0 
(15.2) Penicillin IU/wl 2.47 0.77 0,10 0.03 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + ± 
Dte ml/1 33 7 1 0.05 0.125 0 
3591 Novobiocin µg/ml 2.41 0.71 0.18 0 
(20.9) Penicillin IU/ml 3.09 0.59 0.14 0.03 0 0 0 0 0 0 0 0 0 0 
De lvotest-P + + + + 
nxe wg/1 25 4 0.75 0.125 0 
3692 Novoblocin µg/ml 2.68 0. 76 0.20 0 
(21. 8) Penicillin IU/ml 2.09 o. 78 0.12 0.03 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + ± 
Die mg/1 31 s l 0.125 0 
3355 Novobiocin µg/ml 4.52 0.85 0.35 0 
(14 .1) Penicillin IU/ml 4.54 0.51 0.03 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + + ± 
Dxe mg/1 25 3 0.25 0.1 0 
3669 Novobiocin µg/ml 5.08 0.67 0.30 0 
(20.0) Penicillin IU/ml 3.37 0.33 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotes t-P + + + + ± 
Dxe mg[l 23 2 0.5 0 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
cNovobiocin and penicillin determined by cylinder plate method; dye levels~ 0.25 mg per 1 
determined by dilution method; ·< 0.25 rug per l determined by resin method. 
dAverage daily production for duration of experiment. 00 
°' 
APPENDIX TABLE 3. Residual levels of novobiocina, penicillina, and 250 mg dye No. lb in milk follow-
ing intramammary infusion. 
Cow no. 
(milkdyield 
C 
Post-treatment milking 
in kg) Assay 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
3627 Novobiocin µg/ml 3.60 0.51 0.24 0 
(12.6) Penicillin IU/ml 2.45 0.37 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 46 6 1 0.125 0.1 0 
3647 Novobiocin µg/ml 4.38 1.55 0.23 0 
( 14. 7) Penicillin IU/ml 1. 33' 0.39 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 61 13 2 0.25 0.125 0 
3654 Novobiocin µg/ml 4.38 1. 68 0.26 0 
(18.1) Penicillin IU/ml 2.17 0.53 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 51 11 1 0 0.125 0 
3576 Novobiocin µg/ml 3.70 0.82 0.32 0 
(13.6) Penicillin IU/ml 2.98 0.40 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 56 11 2 0.125 0.1 0 
3094 Novobiocin µg/ml 3. 96 1.28 0.28 0 
(13.3) Penicillin IU/ml 3.16 1.08 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
D~/1 45 15 3 0.5 0.125 0 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b 
FD&C Blue No. 1. 
cNovobiocin and penicillin determined by cylinder plate method; dye levels> 0.25 mg per 1 00 
determined by dilution method; < 0.25 mg per 1 determined by resin method. - -...J 
dAverage daily production for duration of experiment. 
APPENDIX TABLE 4. Residual levels of novobiocina, penicillina, and 25 mg dye No. 2b in ~ilk follow-
ing intramammary infusion. 
Cow no. 
(milkdyield 
C 
Post-trea tment milking 
in kg) Assay 1 2 3 4 5 6 7 8 9 10 li 12 13 14 
3630 Novobiocin µg /ml 8.91 1.41 0.41 0 
(20.8) Penicillin IU/ml 2.18 0.38 0.03 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 3 0.02 0 
3553 Novobiocin µg/ml 10.70 1.25 0.30 0.25 0 
(22.6) Penicillin IU/ml 3. 35- 0.68 0.06 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
Dye mg/1 4 0.02 0 
3654 Novobiocin µg/ml 10.99 2.20 0.49 0 
(17.5) Penicillin IU/ml 4.03 1.01 0.14 0.03 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
Dyemg/1 5 0.25 0 
3466 Novobiocin µg/ml 8.26 0.63 0.18 0 
(21.. 4) Penicillin IU/ml 3.49 o. 70 0.07 0.02 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
Dye mg/1 3 0.02 0 
3493 Novobiocin µg/ml 6.56 0.52 0.18 0 
(22.5) Penicillin IU/ml 3.02 0.66 0.09 0.02 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + + 
D~/1 3 0.02 0 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b FD&C Blue No. 2. 
cNovobiocin and penicillin determined by cylinder plate method; dye levels~ 0.25 mg per 1 
00 
determined by dilution method; < 0.25 mg per 1 determined by resin method. 00 
dAverage daily production for duration of experiment. 
APPENDIX TABLE 5 . Re s idua l levels of novobiocina , penicillina, and 125 mg dye No . 2b in .milk fol l ow-
ing intramarnmary infusion, 
Cow no. 
(milk d yield 
C 
Post-t reatment milking 
in kg ) As s ay 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
-
3637 Novob i oc in µg/ml 1.00 0 .20 0 0 
(19.3) Penicillin IU/ml 1. 78 0.35 0.03 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + ± 
Dye mg/1 7 0.25 0 0 
3644 Novobiocin µg/ml 2.14 0.49 0.21 0 
(14.5) Penicillin IU/ml 2.12 0.31 0.04 0 0 0 0 0 0 0 o· 0 0 0 
Delvotest-P + + + 
Dye mg/1 11 1 0.05 0 
3657 Novobiocin µg/ml 1.27 0.20 0 0 
(21.1) Penicillin IU/ml 1.89 0.23 0.03 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 9 1 0.05 0 
3669 Novobiocin µg/ml 1. 72 0.31 0 0 
(21.4) Penicillin IU/ml 1. 74 0.25 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye mg/1 8 0.25 0.04 0 
3576 Novobiocin µg/ml 1.37 0.39 0 0 
(11. 4) Penicillin IU/ml 1.59 0.30 0.02 0 0 0 0 0 0 0 0 0 0 0 
Delvotest-P + + + 
Dye ml/1 8 0.75 0.05 0 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b FD&C Blue No. 2. 
cNovobiocin and penicillin determined by cylinder plate method; dye levels> 0.25 mg per 1 00 \0 
determined by dilution method; < 0.25 mg per 1 determined by resin method. 
dAverage daily production for duration of experiment. 
APPENDI X TABLE 6 . Residual l eve l s of ·novobioc i na, penicil l ina , and 250 mg dye No. 2b in milk fol low-
ing intramammary infusion . 
Post-treatment milking 
Cow no . 
(milkdy i e ld 
in kg ) C Assay 1 2 3 4 5 6 7 8 9 10 
3637 
( 20.5) 
3669 
(20.8) 
3576 
(12.5) 
3493 
(21. 9) 
3094 
(12.8) 
Novobiocin µg/ml 
Penicillin IU/ml 
Delvotest-P 
D~/1 
Novobiocin µg/ml 
Penicillin IU/ml 
Delvotest-P 
D~/1 
Novobiocin µg/ml 
Penicillin IU/ml 
Delvotest-P 
D~/1 
Novobiocin µg/ml 
Penicillin IU/ml 
Delvotest-P 
D~/1 
Novobiocin µg/ml 
Penicillin IU/ml 
Delvotest-P 
D~/1 
2. 96 
1. 76 
+ 
5 
3.19 
1.97 
+ 
5 
3.49 
2.68 
+ 
6 
2.55 
2.93 
+ 
4 
4.79 
5. 77 
+ 
9 
0.30 
0.54 
+ 
0.50 
0.33 
0.39 
+ 
0.50 
0.85 
0.39 
+ 
0.25 
0.28 
0.40 
0. 35 
0.03 
+ 
0 
0.24 
0.04 
+ 
0 
0.30 
0.02 
+ 
o. 015 
0.22 
0.03 
+ + 
0.50 0 
1. 35 
0.40 0.03 
+ + 
1.50 0 
0 
0.02 
+ 
0 
0.02 
+ 
0 
0.02 
+ 
0 
0 
0.02 
+ 
0.25 
0.02 
+ 
0 
0 
0 
0 
0 
0 
0 0 0 
0 0 . 0 
0 0 0 
0 0 0 
0 · 0 0 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b 
FD&C Blue No. 2. 
0 0 
0 0 
0 0 
0 0 
0 0 
11 12 13 14 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
cNovobiocin and penicillin determined by cylinder plate method; dye levels> 0.25 mg per 1 
determined by dilution method; < 0.25 mg per 1 determined by re~in method. 
dAverage daily production for duration of experiment. 
I.D 
0 
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APPENDIX TABLE 7. Quarter milk product~on of cow 3654 receiving two 
in~ramammary infusions with Albacillin ,a containing 250 mg dye No. 
1. 
Milking d 
. time (h) , 
-35 
- 24 
-11 
Tl 
T
1
+13 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
Quarter milk productionc 
LR LF RR RF Total 
----------kg----------
3.68 
1. 91 
4 .27 
2.59 
3. 77 
2. 86 
4. 00 
2 . 91 
3. 50 
2.41 
3 .91 
2.41 
4.14 
1. 27 
3. 77 
2 . 73 
3.27 
2.50 
3.55 
2.32 
2.23 
1. 64 
2.18 
1. 27 
2.09 
1.82 
2.23 
1.45 
2.09 
0.82 
2.41 
0.95 
2.32 
2.45 
2.00 
1.32 
2.00 
1.18 
2.00 
1.55 
2.09 
1.18 
1. 95 
1.14 
1.82 
1.32 
1.95 
1.41 
1. 91 
1.14 
2.00 
1.23 
2.05 
1.14 
2.05 
1.23 
1.86 
1. 32 
1. 95 
1.18 
3.41 
1.86 
3.36 
1.95 
2.95 
1.86 
3.27 
2.05 
2.91 
1.68 
3.09 
1. 77 
3.09 
1. 68 
2.95 
1.82 
2.86 
1. 77 
2.73 
1. 77 
11.41 
6.59 
11. 76 
6.95 
10.63 
7.86 
11.45 
7. 82 · 
10.41 
6.05 
11.41 
6.36 
11.60 
6.54 
10. 77 
7.10 
9.99 
6. 77 
10.23 
6.82 
a150 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
cLR = l eft rear, LF = left front; RR= right rear; RF= 
right f r ont . 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 8. Quarter milk production of cow 3647 receiving two 
intramammary infusions with Albacillin ,a cqntaining 250 mg dye No. 
1. 
Milking d Quarter milk Eroduction 
C 
time (h) LR LF RR RF Total 
kg 
-35 1. 95 2.45 1.95 1. 73 8.08 
-24 1.82 1.91 1. 68 0.91 6.32 
-11 2.23 2.50 2.00 1.86 8.59 
Tl 1. 55 1.68 1.45 1.23 5.91 
Tl+l3 2.18 2.27 2.14 1.41 8.00 
T2 1.86 2.09 1.68 1.36 6.99 
T
2
+13 2.32 2.59 2.27 1.91 9.09 
24 1. 68 1. 77 1. 64 1.36 6. 45-
37 2.23 2.45 2.18 1. 82 8.68 
· 48 1. 73 1.86 1. 68 1.50 6. 77 
61 2.41 2.50 1.95 2.82 9.68 
72 1.55 1. 73 1.41 1.32 6.01 
85 2.09 2.27 2.23 1. 82 8.41 
96 1. 82 1.91 1. 73 1.45 6.91 
109 2.00 2.32 1.91 1. 64 7.87 
120 1. 68 1.82 1.68 1. 45 6.63 
133 1.86 1.91 1.86 1.50 7.13 
144 1. 45 1.82 1.64 1.36 6.27 
157 2.05 2.45 2.05 1. 68 8.23 
168 1. 32 1.45 1.50 1.18 5.45 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
CLR = left rear; LF = left front; RR= right rear; RF = 
r ight f r ont. 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 9. Quarter milk production of cow 3627 receiving two 
inEramammary infusions with Albacillin ,a containing 250 mg dye No. 
1. 
Milking d 
time (h) 
-35 
-24 
-11 
Tl 
T
1
+13 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
Quarter milk productionc 
LR LF RR RF Total 
kg----------
3.64 
2.50 
4.05 
0.23 
3. 77 
2 .18 
0.95 
2.32 
4.00 
2.32 
4.32 
2.91 
4.45 
3.00 
4.36 
2.59 
3.09 
2.55 
0.91 
2.91 
0.55 
0.14 
0.50 
2.23 
0.32 
0.14 
0.23 
0.18 
0.50 
0.32 
0.59 
0.18 
0.59 
0.27 
0.50 
0.27 
0.45 
0.14 
1.32 
0.27 
2.09 
1.41 
2.14 
1.50 
2.23 
1.23 
4.00 
1.14 
2.00 
1.18 
2.18 
1.45 
2.32 
1.55 
2.32 
1. 45 
1.55 
1.09 
0.41 
0.82 
1.23 
0.59 
1.05 
0.73 
0.95 
0.45 
2.23 
0.59 
0.95 
0.59 
1.00 
0.64 
1.14 
0. 77 
1.09 
0.64 
0.91 
0.64 
4.14 
0.64 
7.51 
4.64 
7.74 
4.69 
7.27 
4.00 
7.41 
4. 23' 
7 .45 
4.41 
8.09 
5.18 
8.50 
5.59 
8.27 
4.95 
6.00 
4.42 
6.78 
4. 64 
a150 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
cLR = left rear; LF = left front; RR= right rear; RF= 
right front. 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 10. Quarter milk productionRof cow 3094 receiving 
t wo intra~ary infusions with Albacillin ~a containing 250 mg 
dye No. 1. 
Mil king d 
time (h) LR 
Quarter milk productionc 
LF RR RF Total 
-35 
-24 
-11 
Tl 
Tl+l3 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
----------kg----------
1. 82 
1.55 
2.14 
1.05 
3.50 
1.27 
2.23 
1.32 
1.95 
1.18 
2.18 
1. 45 
2.05 
1. 59 
1. 91 
1.32 
2.18 
1.18 
2.05 
1. 27 
1.00 
0.86 
1.27 
1.14 
2.45 
0.73 
1.32 
o. 77 
1.09 
0.73 
1.23 
0.82 
1.18 
0.95 
1.09 
0.55 
1.36 
0.45 
1.14 
0.73 
2.23 
2 .14 
2.41 
1.41 
2.27 
0.86 
2.50 
2.23 
2.50 
1.55 
2.64 
1.73 
2.73 
0. 77 
3.23 
1.59 
2.55 
1.36 
2 .. 45 
1. 73 
1.95 
2.05 
2.32 
0.64 
1.23 
1.59 
2.45 
1.55 
2.18 
1.36 
2.55 
1. 77 
2.32 
1. 77 
2.14 
1.55 
2.23 
1.36 
2.18 
1.64 
7.00 
6.60 
8.14 
4.24 
9.45 
4.45 
8.50 
5. 87· 
7. 72 
4.82 
8.60 
5. 77 
8.28 
5.08 
8.37 
5.01 
8.32 
4.35 
7.82 
5.37 
a l50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
cLR = left rear; LF = left front; RR= right rear; RF= 
right f ront. 
d Pr e- and post-treatment milking time. 
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APPENDIX TABLE 11. Quarter milk production ~f cow 3576 receiving 
two intramwnmary infusions with Albacillin ,a containing 250 mg 
dye N9 . 1. 
Milki.ng d 
· time (h) 
C Quarter milk production 
-35 
- 24 
-11 
Tl 
T1+13 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
LR LF RR RF Total 
----------kg----------
2.73 
1. 68 
2.45 
1. 86 
2.36 
2.00 
2.32 
1. 77 
2.00 
2.00 
2.41 
1.68 
1.77 
1.64 
2.32 
1.64 
1.91 
1.73 
2.00 
2.09 
1.32 
1.27 
1.36 
1.27 
1.45 
1.50 
1. 55 
1.00 
0.95 
1.27 
1.50 
1.05 
1.59 
1.05 
1.54 
1.09 
1.23 
1.14 
1.27 
1.00 
2.45 
2.09 
2.91 
1. 73 
2.81 
2.36 
2.86 
2.23 
2.55 
2.45 
2.91 
2.05 
2.64 
2.05 
2.73 
2.00 
2.41 
2.18 
2.59 
1.95 
0.95 
0.64 
0.95 
1.18 
1.50 
1.23 
1.41 
1.09 
1.23 
1.18 
1.55 
1.14 
1. 23 
1.05 
1.36 
1.05 
1.14 
0.95 
1.05 
0.95 
7.45 
5.68 
7.67 
6.04 
8.12 
7.09 
8.14 
6.09 
6.73 
6.90 
8.37 
5.92 
7.23 
5.79 
7.95 
5.78 
6.69 
6.00 
6.91 
5.99 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 1. 
cLR = left rear; LF = left front; RR= right rear; RF= 
right front . 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 12. Milk productioR of cows following two intra-
marry infusions with Albacillin ,a containing 125 mg dye No. 
1. . 
Post-treatment Cow number 
· milkings 3654 3553 -3630 3692 3591 
kg 
1 9.09 12.27 12.27 11.36 12.73 
2 6.82 9.09 8.64 9.55 9.55 
3 9.55 11.82 11.82 11.82 13.64 
4 5.45 9.55 8.64 11.36 8.64 
5 8.18 12.27 11.36 12.73 12.27 
6 5.45 7.73 8.64 7.73 10.00 
7 9.09 13.18 12.27 11.36 13.18 
8 5.45 6.82 7.73 9.55 8.64 
9 9.09 13.18 11.82 12.27 12.27 
10 5.91 7.73 8.18 7.73 7.73 
11 9.09 13. 64 11.82 11.36 12.27 
1.2 6.36 5.00 6.82 10.45 4.55 
13 8. 64 . 11.36 10.91 12.73 11.82 
14 5.91 8 .18 7.73 10.00 8.64 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b FD&C Blue No. 1. 
97 
APPENDIX TABLE 13. Milk productioi of cows following two intra-
mawnary inf usions with Albacillin ,a containing 25 mg dye No. 
1. 
Post-treatment Cow number 
'milkings 3197 3644 ·3669 3355 3637 
kg 
1 16 .82 10.00 13.64 9.09 13.18 
2 8.63 8.63 9.09 6.36 9.09 
3 13. 64 10.45 13.64 9.55 12.73 
4 5.45 7.73 9.09 7.73 10.91 
5 12.73 10.45 12.73 9.55 14.09 
6 8.18 6.82 9.09 5.45 11.82 
7 14.09 10.00 10.91 8.64 12.27 
8 10.00 5.91 7.73 6.82 9.55 
9 15.91 9.55 12.27 9.55 12.27 
10 10.00 5.91 8.18 6.36 8.18 
11 14.09 10.91 13.64 8.64 13.18 
12 9.55 7.73 9.09 6.82 9.55 
13 15. 45 - 10.45 12.73 9.55 13.64 
14 10.91 7.73 9.55 6.36 10.91 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b 
FD&C Blue No. 1. 
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APPENDIX TABLE 1 4. Quarter milk production of cow 3637 receiving 
two intram.wmnary infusions with AlbacillinR,~ containing 250 mg 
dye No. 2 ,. 
Milki ng d Quarter milk Eroduction C 
· time (h) LR LF RR RF Total 
kg 
-35 3.36 1.55 3.14 2.45 10.50 
-24 3.05 1.00 2.64 1. 95 8.64 
-11 . 3 . 30 3.30 3.30 3.30 13.20 
Tl 2 .41 1.00 2.27 1. 73 7.41 
T1+13 1. 91 2.73 3.73 3.50 11.87 
T2 1.50 0.82 1. 91 0.82 5.05 
T
2
+13 3.59 1.55 3.18 2.41 10.73 
24 2.86 1.27 2.64 2.00 8. 77 
37 3.86 1.95 3.59 2.73 12.13 
48 3.14 2.45 3.00 2.36 10.95 
61 4.05 2.14 3.73 2.86 12.78 
72 3.05 1.45 2. 77 2.23 9.50 
85 4.00 2.09 3.86 2.86 12.81 
96 2.77 1.41 2.73 2 .14 9.05 
109 3.95 1. 68 2.05 3.91 11.59 
120 3.36 1.73 3.23 3.00 11.32 
133 3.91 2.05 2.36 2.36 10.68 
144 2. 36 1.36 2.00 2.00 7.72 
157 4.09 2.05 3.50 2. 77 12.41 
168 2.32 1.14 1.86 1.32 6.64 
a150 mg novobi ocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 2. 
cLR = lef t rear; LF = left front; RR= right rear; RF= 
r ight f r on t . 
d Pr e- and post- treatment mil king t i mes. 
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APPENDIX TABLE 15. Quarter milk productio°Rof cow 3669 receiving 
two intra~ ary infusions with Albacillin '~ containing 250 mg 
dye No. 2. 
Milking d Quarter milk Eroduction 
C 
· time (h) LR LF RR RF Total 
kg 
-35 3.36 3.05 2.68 2.86 11.95 
-24 1.95 1.91 1.86 1.50 7.22 
-11 . 3. 68 3.32 3.32 3.32 13.64 
Tl 2.05 1.82 1.55 1.86 7.28 
Tl+l3 3.36 3.18 3.09 3.23 12.86 
T2 2.73 2.36 2.05 2.23 9.37 
T2+13 3.23 2.91 2.41 3.00 11.55 
24 2.23 1.86 1.95 1.41 7.45 . 
37 2.27 3.36 3.23 3.64 12.50 
48 3.05 2.68 2.32 2.36 10.41 
61 3.45 3.18 2.82 2.91 12.36 
72 2.73 2.41 2.41 1.86 9.41 
85 3.41 2.95 2.45 2. 77 11.58 
96 2.64 2.27 2.50 1.91 9.32 
109 3.27 2.95 2.59 2.86 11.67 
120 2.09 2.23 2.27 1. 91 8.50 
133 3.36 3.05 2.64 2.64 11.69 
144 1. 73 2.32 2.41 2.18 8.64 
157 3.95 3.64 3.32 3.45 14.36 
168 2.27 1.95 1.86 1.68 7.76 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 2. 
CLR = left rear; LF = left front; RR= right rear; RF= 
right front. 
dPre-and post-treatment milking time. 
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APPENDIX TABLE 16. Quarter milk productionRof cow 3576 receiving 
two intr~rmnary infusions with Albacillin ,q containing 250 mg 
dye No. _2 .. 
_Milking d Quarter milk 2roduction C 
time (h) 
-35 
-24 
-11 
Tl 
Tl+l3 
T2 
T2+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
LR LF RR RF Total 
kg 
2.27 1.50 2.50 1.41 7.68 
1.77 1.05 2.14 1.09 6.05 
· 1.95 LOS 2.59 1. 77 7.36 
1.50 0.73 1.91 0.91 5.05 
2.68 2.00 2.86 1.82 9.36 
2.50 1.23 2.73 2.05 8.51 
2.32 1.09 2.59 1.18 7.18 
1.45 0.82 2.00 0.91 5.18 · 
0.41 0.36 0.27 0.27 1.31 
2.95 1.95 3.23 2.00 10.13 
1.82 1.18 2.50 0.95 6.45 
1.45 0.91 1. 91 1.00 5.27 
2.18 1.36 2.64 1.36 7.54 
1.82 1.09 2.32 1.14 6.37 
0.36 0.36 0.68 0.32 1. 72 
3.05 1.68 3.55 1.91 10.19 
1.59 1.09 2.23 1.14 6.05 
0.91 0.59 1.00 0.32 2.82 
2.18 1.41 2.73 1.27 7.59 
1.09 0.73 1.00 0.59 3.41 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 2. 
cLR = l eft rear; LF = left front; RR= right rear; RF= 
r i ght f ront . 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 17. Quarter milk productionRof cow 3493 receiving 
two intra~mmary infusions with Albacillin '~ containing 250 mg 
dye No_. 2. 
Milking d Quarter milk Eroduction 
C 
'time (h) 
-35 
-24 
-11 
Tl 
Tl+l3 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
14!~ 
157 
168 
LR LF RR RF Total 
kg 
2.27 2.64 3.50 1. 95 10.36 
2.14 1.82 3.14 4.18 11.28 
.3 .09 2.18 3.18 1. 73 10.18 
·1.so 1.59 2.27 4.00 9.36 
3.41 2.45 4.27 1. 73 11.86 
2.23 1. 73 4.18 1.95 10.09 
3.14 1.86 4.45 1. 91 11.36 
2.27 1.45 2.54 1.59 7.85 
3.91 2. 77 4.55 2.27 13.50 
2.91 2.00 4.00 1.91 10.82 
4.14 2.86 5.00 2.86 14.86 
2.27 1. 64 2.95 1.45 8.31 
2.45 3.95 4. 77 2.32 13.49 
2.14 1.50 2.86 1.64 8.14 
2.41 2.73 4.86 1. 77 11.77 
2.73 1.55 3.77 3.09 11.14 
2.95 2.14 4.27 2.64 12.00 
2.27 1.59 3.09 1. 73 8.68 
3.18 2.41 4.68 2. 77 13.04 
1.82 1.41 2.82 1. 68 7.73 
a150 mg novobiocin and 100,000 IU penicillin per infusion. 
bFD&C Blue No. 2. 
cLR = left rear; LF = left front; RR= right rear, RF= 
right front. 
d Pre- and post-treatment milking time. 
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APPENDIX TABLE 18. Quarter milk productionRof cow 3094 receiving 
t wo int ramgnnnary i nfusions with Albacillin ,a_ containing 250 mg 
dye No. 2. 
Milki ng d 
t ime (h) 
-35 
-24 
-11 
Tl 
Tl+l3 
T2 
T
2
+13 
24 
37 
48 
61 
72 
85 
96 
109 
120 
133 
144 
157 
168 
Quarter milk productionc 
LR LF RR RF Total 
--~-------kg----------
1.73 
0.86 
.1.45 
1.95 
1.95 
1.23 
1. 77 
0.86 
2. 41 
1.36 
1.86 
1.54 
2.18 
1.50 
2.00 
1.41 
2.09 
1.18 
2.27 
1.23 
0.82 
0.32 
1.45 
1.05 
1.05 
0.50 
2.09 
0.32 
1. 32 
0.68 
1.05 
0.86 
1.23 
0.82 
1.27 
0.68 
1.23 
0.55 
1.32 
0.59 
1.95 
1.23 
2.27 
0.91 
2.45 
1.55 
0.82 
1.55 
2. 77 
1. 73 
2.73 
1.82 
2. 77 
2.00 
2.45 
1.68 
2.91 
1.27 
3.00 
1.50 
2.36 
0.73 
2.41 
0.36 
2.27 
1.32 
2.09 
0.91 
2.59 
1.45 
2.23 
1. 68 
2.41 
1.64 
2.14 
1.32 
2.36 
1.32 
2.91 
1.36 
6.86 
3.14 
7.58 
4.27 
7. 72 
4.60 
6. 77 
3.64 
9.09 
5.22 
7.87 
5.90 
8.59 
5. 96 
7.86 
5.09 
8.59 
4.32 
9.50 
4.68 
alSO mg novobiocin and 100,000 ID penicillin per infusion. 
bFD&C Blue No. 2. 
cLR = left rear; LF = left front; RR= right rear; RF= 
right front . 
d Pre- and post-treatment milking ti.me. 
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APPENDIX TABLE 19. Milk productioR of cows following two intra-
m~ary infusions with Albacillin ,a containing 125 mg dye No. 
2. 
Post-treatment Cow number 
milkings 3644 3576 3657 3669 3637 
kg 
1 9. 09 . 7.73 13.64 14.09 11.36 
2 4.55 5.00 6.82 7.27 7.73 
3 9.55 6.82 14.55 14.55 11.82 
4 5.91 4.09 7.27 7.73 8.18 
5 9.55 2.73 14.55 13. 64 12.73 
6 5.91 3.64 7.27 8.64 8.18 
7 7.27 6.82 12.27 11.82 10.45 
8 6. 82 4.09 7.73 8.18 7.73 
9 8.18 6.82 12.73 13.18 10.91 
10 7.27 5.45 7.27 7.73 9.09 
11 8.18 8.18 14.09 12.27 11.82 
12 5.45 5.00 7.73 8.64 7.27 
13 8.64 8.18 13.18 13.64 11.82 
14 6.36 5.45 7.73 7.27 7.73 
al50 mg novobiocin and 100,000 IU penicillin per infusion. 
b FD&C Blue No. 2. 
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APPENDIX TABLE 20. Milk productio~ of cows following two intra-
mrugmary infus ions with Albacillin ,a containing 25 mg dye No. 
2. 
Post-treatment Cow number 
.milkings 3654 3630 .3466 3493 3553 
kg 
1 6.82 7.73 8.64 9.09 6.82 
2 10.00 11.82 11.82 15.45 11.82 
3 6.36 7.73 8.64 8.64 7.73 
4 10.00 12.73 13.18 13.64 13.18 
5 8. 18 8.64 9.55 8.18 9.09 
6 10.00 12.27 12.73 17.73 13.18 
7 6.82 8.18 7.73 8.18 8.18 
8 10.45 12.27 12.27 12.73 14.09 
9 6.82 9.55 10.00 8.18 9.55 
10 9.55 12.73 14.09 12.27 15.00 
11 7.27 9.09 9.09 8.64 8.64 
12 8.64 13.18 14.09 13. 64 17.73 
13 6.36 7.73 6.36 9.55 8.18 
14 9.55 9.09 17.73 14.09 16.82 
al50 mg novobiocin and 100,000 IU penicillin in 10 ml 
glycerol monostearate in peanut oil gel (Gly POG). 
b FD&C Blue No. 2. 
APPENDIX 'l'~B~I!: 21. Sumat i c ce ll counts a of _individual quartet· milk samples fron1 cows re ce iving two intram.tmmary infusions of 
Albacillin • contaJnJng 250 mg dye No. l.c 
Cow d .. Hours ere- and post-trt!atmen t 
no . Qtr-. -JS -24 -11 Tl T1
+f3 T2 T2
+13 +2 4 37 48 61 72 85 96 109 120 133 144 157 168-
------
3627 Lk 47 42 1198 1 J 29 1587 383 829 1159 591 483 216 3 l 2 152 187 58 37 12 26 86 45 
LF 65 78 242 362 753 1238 863 853 432 383 191 177 122 97 112 73 134 7 13417 113 
RR 40 32 1195 3405 4535 5199 190 295 172 217 73 130 71 49 1086 
e 
11201 19 301 10902 
HF 16 40 85 1J5 1251 983 301 600 264 267 101, 148 49 59' 72 105 202 341 46 31.4 
364 7 LR 108 232 197 208 360 662 296 700 342 278 311 356 144 264 159 151 141 85 166 120 
1.F 42 68 60 87 . 142 332 nu 159 20'1 212 277 259 126 164 139 120 87 41 94 52 
HR 48 168 104 189 453 645 t. 20 563 343 324 262 325 183 314 100 195 118 40 143 113 
RF 57 73 78 72 262 367 236 416 317 375 189 290 209 252 160 171 100 142 195 119 - -- · 
3654 1.l{ 113 200 lD 104 207 370 244 356 247 226 156 164 135 148 81 103 67 91 88 110 
U' 59 161 82 59 145 242 300 498 344 207 168 191 187 217 122 159 78 27 119 161 · 
RH 1884 2501 2045 1735 1469 1838 2192 1948 1273 864 560 477 323 216 206 196 133 21 148 127 
RF 374 199 96 163 242 217 250 426 209 262 123 1.63 121 110 88 104 11 54 77 104 
3576 LR 146 48 2.7 35 99 1.70 149 272 117 125 104 133 98 231 47 90 16 25 116 108 
LF 73 35 28 31 145 154 102 213 147 98 llO 135 119 272 77 135 19 141 164 131 
RR 171 340 261 271 238 339 22 7 383 174 206 139 163 73 213 41 70 15 37 44 47 
RF 37 32 18 37 103 177 145 263 143 138 1.37 133 123 278 90 140 85 21 93 114 
3094 LR 2192 2738 47 34 130 623 850 480 221 250 1.75 130 1.52 74 134 126 80 15 7l 72 
LF 569 351 43 53 294 966 1370 603 474 31.5 219 83 143 100 68 88 41 123 53 73 
!{I{ 776 1312 30 35 470 220 404 8746 6228 6791 2490 2111 1575 1058 41 76 JS 12 40 59 
RF 7) 362 18 64 809 343 626 l 1310 588 430 218 145 115 83 _ 40 -· 70 _ 11 __ 60 ----- 28 -- 78 
~Ce lls per ml x 103. 
b 150 111g novobioci.n a nd 100,000 IU peni c1 1 lin pe r- infusion . 
c FD6.C lHue No . l. 
dl.l<. "" left mar; U ' "" le [ t front; RR "" rlghL r e ar; RF "" right front. 
<:sampl e sourt!J during s hipment. 
...... 
0 
lJ1 
APPENl.llX T~BkE 22. Somatic cell counts.J ofclndividual quarter milk samples from cows receiving two intrmnammary infusions of 
Albacil lin • containing 250 mg dye No . . 2. 
Cow 
d 
Hours ~re- and post - treatment 
no. Qtr. -35 -24 -11 T T1
+13 T2 T2
+13 24 37 ,.a 61 72 85 96 109 120 133 144 157 168 
l 
3576 LH 23 20 13 lO J.86 324 1083 1262 2365 278 471 325 146 224 291 75 157 187 405 980 
LF 33 88 71 11 217 639 1103 1313 2152 251 579 501 243 285 324 174 198 245 302 923 
RR 25 32 33 28 145 194 406 620 1069 181 198 157 107 116 160 34 81 211 333 901 
RF 45 71 52 65 175 130 959 907 1693 218 381 330 207 175· 348 175 318 192 295 1058 
3493 LR 6 )2 7 27 39 47 70 98 31 33 38 65 30 158 15 38 16 22 - 46 61 
U' 17 74 14 81 · 184 239 450 663 167 291 124 192 88 76 36 73 39 51 68 51 
Rk 17 16 4 15 27 37 49 68 32 48 105 64 33 159 18 34 · 10 18 37 44 
RF 60 18 49 33 191 198 411 411 116 160 25 104 69 567 43 62 · 19 e 37 54 
3094 LR 293 417 119 76 1128 2119 2545 2734 716 1034 3'71 541 433 409 449 367 310 491 14 443 
LF 128 246 20 504 1830 2624 1397 3059 1220 884 549 431 356 208 22,5 166 122 168 31 234 
RR 28 63 239 77 545 713 4235 1398 586 662 292 237 126 229 113 136 54 84 9 84 
RF 36 64 33 310 291 470 1262 1675 533 608 275 282 202 152 127 133 30 128 15 120 -
3b69 LR 122 25 119 323 370 996 1336 2425 716 1074 412 423 109 387 149 268 86 170 100 90 
LF 29 31 20 35 81 92 163 562 167 315 138 157 233 413 90 145 30 70 43 155 
kR e 267 239 462 762 30)9 2734 3577 1098 1191 608 513 429 177 229 280 103· 269 173 239 
RF 43 302 J3 e 38 124 157 497 157 346 172 191 124 88 82 105 48 61 53 119 ---
3637 Lk 23 38 104 46 404 407 263 448 153 170 109 85 98 113 31 61 24 60 330 62 
u · 16 21 66 31 53 429 1087 1251 468 340 145 205 173 150 53 114 56 85 186 70 
Rk 16 20 57 39 15) 293 439 699 189 269 107 
e 
7l 112 79 70 56 51 116 , 58 
RF 5 8 44 24 15 434 503 501 180 253 87 129 79 105 63 44 44 44 91 31 
a 3 Cells per ml x 10. 
b 5 . 1 0 mg novoblocin and 1000,000 IU penicillin per infusion. 
cFD&C Blue No. 2. 
dLI< = left rear; I.F = left front; RR = c-ight rt!ar; RF' -= right front. 
eSample sourt!d during shipment. 
I-' 
0 
0\ 
APPENOIX ·rtBbE 21. Soruatic cell countsa ofcindividual quarter milk samp les from cows r eceiving two intrama1111uary inf us i ons of 
Albacillin ' containing 250 rug dye No . L 
Cow d Hours ere- and eost - treatment no. Qtr. -35 -24 -11 Tl T1
+13 T2 T2
+13 +24 37 48 61 72 85 96 109 120 133 144 157 168 
3627 LR 47 42 1198 1129 1587 383 829 1159 591 483 216 312 152 187 58 37 12 26 86 45 
LF 65 78 242 362 753 1238 863 853 432 383 191 177 122 97 112 73 134 7 13417 113 
RR 40 32 1195 3405 4535 5199 190 295 172 217 73 130 71 49. 1086 e 11201 19 301 10902 
RF 16 40 85 135 1251 983 301 600 264 267 104 148 49 59 72 105 202 341 46 314 
3647 LR 108 232 197 208 . 360 662 296 700 342 278 311 356 144 264 159 151 141 85 166 120 
LF 42 68 60 87 142 332 HO 359 201 212 277 259 126 164 139 120 87 41 94 52 
RR 48 168 104 189 453 645 420 563 343 324 262 325 183 314 100 195 118 40 143 113 
RF 51 73 78 72 262 367 236 416 317 375 189 290 209 252 160 171 100 142 195 119 
3654 LR 113 200 113 104 207 370 244 356 247 226 156 164 135 148 81 103 67 91 88 110 
LF 59 161 82 59 145 242 300 498 344 207 168 191 187 217 122 159 78 27 119 161 
RR 1884 2501 2045 1735 1469 1838 2192 1948 1273 864 560 477 323 216 206 196 133 21 148 127 . 
RF 374 199 96 163 242 217 250 426 209 262 123 163 121 110 88 104 11 54 77 104 
3576 LR 146 48 27 35 99 170 149 272 117 125 104 133 98 231 47 90 16 25 116 108 
LF 73 35 28 31 145 154 102 213 147 98 110 135 119 272 77 135 19 141 -164 131 
RR 171 340 261 271 238 339 227 383 174 206 139 163 73 213 41 70 15 37 44 47 
RF 37 32 18 37 103 177 145 263 143 138 137 133 123 278 90 140 85 21 93 114 
I 
3094 LR 2192 2738 47 34 130 623 850 480 221 250 175 130 152 74 134 126 80 15 71 72 
LF 569 351 43 53 294 966 1370 603 474 315 219 83 143 100 68 88 41 123 5) 73 
RR 776 1312 30 35 470 220 404 8746 6228 6791 2490 2111 1575 1058 42 76 35 12 40 59 
RF 75 362 18 64 809 343 6261 1310 588 430 218 145 115 83 40 70 11 60 28 78 
a 3 Cells per ml x 10. 
b 
150 mg novobiocin and 100,000 IU penicillin ver infusion. 
cFD&C Blue No. 1. 
d -LR .. left rear; LF = lett front; RR = right rear. RF • right front. 
esample soured during shipment. 
I-' 
0 
--...J 
APPENDIX TtBkE 22. Somatic cell counts8 ofcindividual quarter milk samples from cows receiving two intramammary infusions· of 
Albacillin • containing 250 mg dye No. 2. 
Cow d Hours ere- and east-treatment no. Qtr. -35 -24 -11 Tl T1+13 T2 T2
+13 24 37 48 61 72 85 96 109 120 133 144 157 168 
3576 LR 23 20 13 10 186 324 1083 1262 2365 278 471 325 146 224 291 15 157 187 405 980 
LF 33 88 71 77 217 639 1103 1313 2152 251 579 507 243 285 324 174 198 245 302 923 
RR 25 32 33 28 145 194 406 620 1069 181 198 157 107 116 • 160 34 81 211 333 901 
RF 45 71 52 65 175 130 959 907 1693 218 381 330 207 175 348 175 318 192 295 1058 
3493 LR 6 32 7 27 39 47 70 98 31 33 38 65 30 158 15 38 16 22 46 61 
LF 17 74 14 81 '184 239 450 663 167 291 124 192 88 76 36 73 39 51 68 51 
RR 17 16 4 15 27 37 49 68 32 48 105 64 33 159 18 34 10 18 37 44 
RF 60 18 49 33 191 198 411 411 116 160 25 104 69 567 43 62 19 e 37 54 
3094 LR 293 417 119 76 1128 2119 2545 2734 716 1034 371 541 433 409 449 367 310 491 14 443 
LF 128 246 20 504 1830 2624 1397 3059 1220 884 549 431 356 208 225 166 122 168 31 234 
RR 28 63 239 77 545 713 4235 1398 586 662 292 237 126 229 113 136 54 84 9 84 
RF 36 64 33 310 291 470 1262 1675 533 608 275 282 202 152 127 133 30 128 15 120 
3669 LR 122 25 119 323 370 996 1336 2425 716 1074 412 423 109 387 149 268 86 170 100 90 
LF 29 31 20 35 81 92 163 562 167 315 138 157 233 413 90 145 30 . 70 · 43 155 
RR e 267 239 462 762 3039 2734 3577 1098 1191 608 513 429 177 229 280 103 269 173 239 
RF 43 302 33 e 38 12!'. 157 497 157 346 172 191 124 88 82 105 48 61 53 119 
3637 LR 23 38 104 46 404 407 263 448 153 170 109 85 98 113 31 61 24 60 330 62 
LF 16 21 66 31 53 429 1087 1251 468 340 145 205 173 150 53 114 56 85 186 70 
RR 16 20 51 39 153 293 439 699 189 269 107 e 71 112 79 70 56 57 116 58 
RF 5 8 44 24 15 434 503 501 180 253 87 129 79 105 63 44 44 44 91 31 
a 3 Cells per ml x 10. 
b 
150 mg novobiocin and 1000,000 IU penicillin per infusion. 
C 
FD&C Blue No. 2. 
d 
LR= left rear; LF = left front; RR• right rear; RF• right front. 
eSample soured during shipment. 
0 
co 
